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1.6 Coulomb's Law 


(1 mark) 


l. 


Two identical conducting balls A and B have 
charges -Q and +3Q respectively. They are 
brought in contact with each other and then 
separated by a distance d apart. Find the 
nature of the Coulomb force between them. 
(AI 2019) 


Two equal balls having equal positive charge 
q coulombs are suspended by two insulating 
strings of equal length. What would be the 
effect on the force when a plastic sheet is 
inserted between the two? (AI 2014) 


BE (2 marks) 


2 





Plot a graph showing the variation of coulomb 
l 

force (F) versus (>) where ris the distance 
r 


between the two charges of each pair of 
(1uC, 2uC) and (24C, - 3uC), 
(AI 2011) 


charges : 
interpret the graphs obtained. 


ET (5 marks) 


4. 


Two identical point charges, q each, are kept 
2 m apart in air. A third point charge Q of 
unknown magnitude and sign is placed on the 
line joining the charges such that the system 
remains in equilibrium. Find the position and 


nature of Q. (3/5, Delhi 2019) 


1.8 Electric Field 





J. 


(5 marks) 


Consider a system of n charges qı» 42 --- qn 
with position vectors 7; 1, f3». .f, relative 
to some origin ‘O. Deduce the expression 
for the net electric field E at a point P with 
due to this system of 


position vector rs 
(3/5, Foreign 2015) 


charges. 


1.9 Electric Field kines 
(1 mark) 


6. Draw the pattern of electric field lines when 
a point charge +q is kept near an uncharged 
conducting plate. (Delhi 2019) 


7. Why do the electrostatic field lines not form 
closed loops ? (AI 2014, AI 2012C) 


8. Why do the electric field lines never cross 
each other ? (AI 2014) 


EYNI (3 marks) 


9. A point charge (+Q) is kept in the vicinity 
of an uncharged conducting plate. Sketch the 
electric field lines between the charge and the 
plate. (1/3, Foreign 2014) 


1.10 Electric Flux 
(1 mark) 


10. Write an expression for the flux Ag, of the 





electric field E through an area element AS. 
(Delhi 2010C) 


(2 marks) 


11. (i) Define the term ‘electric flux. Write its 
SI unit. 

(ii) What is the flux due to electric field 
E=3x10°i N/C through a square of side 

10 cm, when it is held normal to E ? 
(AI 2015C) 
12. Given a _ uniform electric field 
E =5x10° i N/C. Find the flux of this field 
through a square of 10 cm on a side whose 
plane is parallel to the y-z plane. What would 
be the flux through the same square if the 


plane makes a 30° angle with the x-axis? 
(Delhi 2014) 


13. Consider a 


field 
E=3x10°i N/C. Calculate the flux of this 


uniform _ electric 


field through a square surface of area 10 cm? 

when 

(i) its plane is parallel to the y-z plane 

Gi) the normal to its plane makes a 60° 
angle with the x-axis. (Delhi 201 3C) 


1.11 Electric Dipole 
(1 mark) 


14. Define the term electric dipole moment of a 


dipole. State its S.I. unit. 
(Foreign 2013, AI 2011) 


| SAT | (3 marks) 


15. Derive an expression for the electric field due 


to dipole of dipole moment P ata point on 
its perpendicular bisector. (2/3, Delhi 2019) 


16. Derive the expression for electric field at 
a point on the equatorial line of an electric 


dipole. (2/3, Delhi 2017) 


(5 marks) 


17. Derive an expression for the electric field at 
any point on the equatorial line of an electric 
dipole. (2/5, Delhi 2019) 


18. (a) Derive an expression for the electric 
field E due to a dipole of length ‘2a’ at 
a point distant r from the centre of the 
dipole on the axial line. 
(b) Draw a graph of E versus r for r >> a. 
(3/5, AI 2017) 


19. An electric dipole of dipole moment 
P consists of point charges +q and -q 
separated by a distance 2a apart. Deduce the 


expression for the electric field E due to the 
dipole at a distance x from the centre of the 
dipole on its axial line in terms of the dipole 
moment p. Hence show that in the limit 
x>>a, E —> 2 p I(4nex). 

(3/5, Delhi 2015) 


20. Find the resultant electric field due to an 
electric dipole of dipole moment 2aq (2a 
being the separation between the charges 
+ q) at a point distance x on its equator. 

(2/5, Foreign 2015) 
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31. Define electric dipole moment. Is it a scalar 
| or a vector quantity? Derive the expression 
for the electric field of a dipole at a point on 

the equatorial plane of the dipole. 
(3/5, AI 2013) 


1.12 Dipole in a Uniform External 
Field 


(1 mark) 


% 


s 7; Bee st ae Merete x iee 


32. Write the expression for the torque T acting i 


ona dipole of dipole moment p placed in an 
electric field E. (Foreign 2015) 


SVB (3 marks) 


23. Depict the orientation of the dipole in (a) 
stable, (b) unstable equilibrium in a uniform 
electric field. (1/3, Delhi 2017) 

24. (i) Obtain the expression for the torque 

tT experienced by an electric dipole of 
dipole moment p in a uniform electric 


field, E. 
(ii) What will happen if the field were not 
uniform? (Delhi 2017) 


25. An electric dipole of dipole moment p 


is placed in a uniform electric field E. 
Obtain the expression for the torque T 


P BRN oF RPT Ted Tie NE ETS NR RINE a 


panami» 


experienced by the dipole. Identify two pairs — | 


of perpendicular vectors in the expression. 


(Delhi 2015C) © 


26. An electric dipole is kept in a uniform 
electric field. Derive an expression for the 


net torque acting on it and write its direction. < 


State the conditions under which the dipole — | 


is in (i) stable equilibrium and (ii) unstable 
equilibrium. 


(5 marks) 


(Delhi 2012C) © 


27. If dipole were kept in a uniform external j 
electric field E, diagrammatically represent $ 


the position ofthe dipole in stable and unstable 


equilibrium and write the expressions for the 
torque acting on the dipole in both the cases. 


(2/5, AI 2017) 
28. 


vod 

om 
Ss 

Si 


EE 


p- 
a 


(a) Define torque acting on a dipole of 7 
dipole moment p placed in a uniform E 
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electric field E. Express it in the vector 
form and point out the direction along 
which it acts. 
(b) What happens if the field is non- 
uniform? 
(c) What would happen if the external field 
E is increasing (i) parallel to P and 
(ii) anti-parallelto p? (Foreign 2016) 
29. Deduce the expression for the torque acting 
on a dipole of dipole moment p in the 
presence of a uniform electric field E. 
(3/5, AI 2014) 


1.13 Continuous Charge Distribution 
| SAL | (2 marks) 


30. Deduce the expression for the electric field 
E due to a system of two charges q, and q, 
with position vectors 7, and % ata point r 


with respect to the common origin O. 
(Delhi 2010C) 


1.14 Gauss’s Law 


(1 mark) 


. How does the electric flux due to a point 
charge enclosed by a spherical Gaussian 
surface get affected when its radius is 

(Delhi 2016) 


32. What is the electric flux through a cube of 
side 1 cm which encloses an electric dipole? 
(Delhi 2015) 


increased ? 


33. A charge ‘q’ is placed at the centre of a cube 
of side l. What is the electric flux passing 


through each face of the cube? (AI 2012) 
34. Figure shows three _+3q 

point charges, +24, —4, 

+3q. Two charges +2q S 


and -q are enclosed 
within a surface ‘S. What is the electric flux 


due to this configuration through the surface , 


©? (Delhi 2010) 
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35. A charge Q uC is placed at the centre of a 
cube. What is the electric flux coming out 
from any one surface ? (AI 2010) 


(2 marks) 
36. Show that the electric field at the surface of 


a charged conductor is given by Buah, 

0 = 
where o is the surface charge density and n 
is a unit vector normal to the surface in the 


outward direction. (AI 2010) 


yam (3 marks) 


4 A hollow cylindrical box of length 1 m and 


area of cross-section 25 cm? is placed in 
a three dimensional coordinate system as 
shown in the figure. The electric field in th 
region is given by E=50xi, where E is in 
N C~! and x is in metres. Find 

(i) net flux through the cylinder. 

(ii) charge enclosed by the cylinder. 


y 


~ 


i (Delhi 2013) 

38. State Gauss’s law in electrostatic. A cube with 
each side ‘a’ is kept in an electric field given by 
E = Cxi, (as is shown in the figure) where C is 
a positive dimensional constant. Find out 





(i) the electric flux through the cube 
(ii) the net charge inside the cube. 
(Foreign 2012) 
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(5 marks) 


p. 


yl. 


(a) Define electric flux. Is it a scalar or a 
vector quantity ? 

A point charge q is at a distance of d/2 
directly above the centre of a square of side 
d, as shown in the figure. Use Gaus’ law to 
obtain the expression for the electric flux 
through the square. 


nen b See 


a 
. 


EEE 
+> 

(b) If the point charge is now moved to a 

distance `d from the centre of the square and 

the side of the square is doubled, explain how 


the electric flux will be affected. (2018) 
Given the electric field Å 

in the region E = 2xiì , find i—— 

the electric flux through [7 | | 

the cube and the charge Je 


enclosed by it. K 
(2/5, Deihi 2015) 
Define electric flux. Write its S.I. unit. 
“Gauss'’s law in electrostatics is true for any 
closed surface, no matter what its shape or 
size is’. Justify this statement with the help of 
a suitable example. (AI 2015) 
Consider two hollow concentric spheres 
S, and $, enclosing charges 2Q and 4Q 
respectively as shown in figure. 


(i) Find out the ratio of the electric flux 
through them. 
(ii) How will the electric flux through 


the sphere S, change if a medium of 
dielectric constant ʻe, is introduced 
in the space inside S, in place of air? 
Deduce the necessary expression. 





(AI 2014) 


1.15 Applications of Gauss's Law 


(1 mark) 


P 


— (ii) outer surface of the shell ? 


VA 


(2 marks) 


Xs. 


¥ 


49, 


A metallic spherical shell has an inner radius 
R, and outer radius R,. A charge Q is placed at 
the centre of the shell, What will be the surface 
charge density on the (i) inner surface, and 


Does the charge given to a metallic sphere 


depend on whether it is hollow or solid. Give 
reason for your answer. 


” the sheets. 
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(AI 2019) 


(Delhi 2017) 


Two charges of magnitudes -2Q and +Q 
are located at points (a, 0) and (4a, 0) 
respectively. What is the electric flux due to 
these charges through a sphere of radius ‘3a’ 


with its centre at the origin? (AI 2013) 


Apply Gauss’ law to show that for a charged 
spherical shell, the electric field outside 
the shell is, as if the entire charge were 
concentrated at the centre. (AI 2019) 
Two large parallel plane sheets have uniform 
charge densities +o and -o. Determine the 
electric field (i) between the sheets, and (ii) 
(AI 2019) 
A small metal sphere carrying charge +Q is 
located at the centre ofa spherical cavity inside 
a large uncharged metallic spherical shell as 
shown in the figure. Use Gauss's law to find 


the expressions for the electric field at points 
P, and P,, 





(AI 2014) 
Two concentric metallic spherical shells of 
radii R and 2R are given charges Q, and Q, 
respectively. The surface charge densities 
on the outer surfaces of the shells are equal, 
Determine the ratio Q, : Q ( Foreign 2013) 
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50. A spherical conducting shell of inner radius 
rı and outer radius r, has a charge Q. A 
charge q is placed at the centre of the shell. 
(a) What is the surface charge density on 
the (i) inner surface, (ii) outer surface 
of the shell? 

(b) Write the expression for the electric 
field at a point x > r, from the centre of 
the shell. 


(AI 2010) 


| SAIL | (3 marks) 


51. Two infinitely large plane thin parallel sheets 
having surface charge densities ©, and O, 
(O; > O2) are shown in the figure. Write the 
magnitudes and directions of the net electric 
fields in the regions marked II and III. 


Il 


II B 


A 


I (Foreign 2014) : 


52. (i) State Gausss law. 
(ii) Athin straight infinitely long conducting 
wire of linear charge density ‘A’ is enclosed 
by a cylindrical surface of radius ‘r and length 
‘P Its axis coinciding with the length of the 
wire. Obtain the expression for the electric 
field, indicating its direction, at a point on 
the surface of the cylinder. (Delhi 2012C) 


53. Using Gauss’s law obtain the expression for 
the electric field due to a uniformly charged 
thin spherical shell of radius R at a point 
outside the shell. Draw a graph showing the 
variation of electric field with r, for r > R and 


PeR 
(Delhi 2011) 


54. (a) Use Gauss’ law to derive the mpa 
for the electric field (E) due to a straight 


53. 
field due to a uniformly charged infinitely 


56. 


Sia 


59., 


60. 
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uniformly charged infinite line of charge 
density À C m™!. 

(b) Draw a graph to show the variation of E 
with perpendicular distance r from the line 
of charge. 

(c) Find the work done in bringing a 
charge q from perpendicular distance r, to r, 
(2> ri). (2018) 


Use Gausss theorem to- find the electric 


large plane thin sheet with surface charge 
density o. (2/5, AI 2017) 


Use Gauss’s law to find the electric field due 
to a uniformly charged infinite plane sheet. 
What is the direction of field for positive and 
negative charge densities? (3/5, AI 2016) 


Use Gauss’s law to prove that the electric field 
inside a uniformly charged spherical shell is 
zero. 

(3/5, AI 2015) 


. A small conducting sphere of radius ‘r 


carrying a charge +q is surrounded by a large 
concentric conducting shell of radius R on 
which a charge +Q is placed. Using Gauss's 
law derive the expressions for the electric 
field at a point ‘x’ 
(i) between the sphere and the shell 
(7'< X< R). 

(ii) outside the spherical shell. 

(3/5, Foreign 2015) 


Using Gauss’ law deduce the expression 
for the electric field due to a uniformly 
charged spherical conducting shell of 
radius R at a point (i) outside and (ii) 
inside the shell. Plot a graph showing 
variation of electric field as a function of 
r> Randr < R. (r being the distance from 
the centre of the shell). (AI 2013) 


Using Gauss’s law, derive the expression for 
the electric field at a point (i) outside and 
(ii) inside a uniformly charged thin spherical 
shell. Draw a graph showing electric field E 
as a function of distance from the centre. 
(AI 2013C) 
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2.2 Electrostatic Potential 


(1 mark) 


1. Name the physical quantity whose S.I. unit is 
J C~'. Is it a scalar or a vector quantity? 
(AI 2010) 


2.3 Potential due to a Point Charge 
(1 mark) 


2. A point charge +Q is placed at point O as 
shown in the figure. Is the potential difference 
V, — Vz positive, negative or zero? 


+O oo o 


A B 
(Delhi 2016, Foreign 2016, Delhi 2011) 


(2 marks) 


3. Draw a plot showing the variation of (i) 
electric field (E) and (ii) electric potential ( V) 
with distance r due to a point charge Q. 

(Delhi 2012) 


4. Plot a graph comparing the variation of 
potential ‘V’ and electric field ‘ʻE’ due to a point 
charge ‘Q as a function of distance ‘R from the 
point charge. (1/3, Foreign 2010) 


2.4 Potential due to an Electric 
Dipole 


TNIE (3 marks) — 


5. Derive the expression for the electric potential 


due to an electric dipole at a point on its axial 
(2/3, Delhi 2017) 





line. 


6. Obtain the expression for the potential due 
to an electric dipole of dipole moment p at a 
point ‘x on ‘the axial line. (2/5, AI 2013C) 








2.9 


Fa 





ard QUES 


ntial due to a System of 





Pote 
Charges 


SAL. (2 marks) 


„arges q and -2q are kept “g 
Find the location of point 
‘q at which potential due to 
(AI 2014C) 


Two point cl 
distance apart. 
relative to charge 
this system of charges is zero. 


2.6 Equipotential Surfaces 


EEN (1 mark) i 


8. 


10. 


l1. 


12. 


13. 


Why are electric field lines perpendicular 
at a point on an equipotential surface ofa 


conductor? (AI 2015C) 


“For any charge configuration, equipotential — 
surface through a point is normal to the 
electric field” Justify. 
(Delhi 2014) 
Figure shows the field lines on a positive 
charge. Is the work done by the field in" 
moving a small positive charge from Q to P 


positive or negative? Give reason. 
© 


Q 



















(Foreigz 201 

What is the geometrical shape of equipate . 
surfaces due to a single isolated chase | 
(Delhi 2013, A20 

HC and -2 uC "5 
B, 5 cm apart. Dew 
surface of the system. = 


of work done in 


und a circular 4 C O 


f which another po © 


7 
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As 
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What is the amount 
a point charge aro 
rat the centre o 
is located 2 


(2 marks) 


14. Two closely spaced equipotential surfaces A 
and B with potentials V and V + 8V, (where 
OV is the change in V), are kept òl distance 
apart as shown in the figure. Deduce the 
relation between the electric field and the 
potential gradient between them. Write the 
two important conclusions concerning the 
relation between the electric field and electric 
potentials. 


B V+8V 









V 





A 
(Delhi 2014C) 


15. A test charge ‘q’ is moved without acceleration 
from A to C along the path from A to B and 
then from B to C in electric field E as shown 
in the figure. (i) Calculate the potential 
difference between A and C. (ii) At which 
point (of the two) is the electric potential 
more and why? 


(2, 3) 





(2,0)¥........-- > (6, 0) 
C A 


we A IGT 


16. Two uniformly large parallel thin plates 
having densities +o and -o are kept in the 
X-Z plane at a distance d apart. Sketch an 
equipotential surface due to electric field 
between the plates. If a particle of mass m and 
charge -q remains stationary between the 


plates, what is the magnitude and direction of 
this field? (Delhi 2011) 


17. (a) Draw equipotential surfaces due to point 


Q> 0. 


(b) Are these surfaces equidistant from each 

other? If no, explain why? (Delhi 2011C) 

18. Can two equipotential surfaces intersect each 

other? Give reasons. (Delhi 2011C) 

19. Two point charges 2 uC and -2uC are placed 
at points A and B, 6 cm apart. 


(i) Draw equpotential surfaces of the system. 
(ii) Why do the equipotential surfaces get 
closer to each other near the point 
charges? (AI 2011C) 


| SA II | (3 marks) 


20. Draw the equipotential surface due to an 
(1/3, Delhi 2019) 


21. Depict the equipotential surfaces due to an 
(2/3, Delhi 2017) 


Draw 





electric dipole. 


electric dipole. 


22. Define an 
equipotential surfaces: 
(i) in the case of a single point charge and 
(ii) inaconstant electric field in Z-direction. 
Why the equipotential surface about a 
single charge are not equidistant ? 
(iii) Can electric field exist tangential to an 


equipotential surface? Give reason. 
(AI 2016) 


equipotential surface. 


23. Depict the equipotential surfaces for a system 
of two identical positive point charges placed 
a distance ‘d’ apart. (1/3, Delhi 2010) 


(5 marks) 


A$24. The electric potential as a function of distance 


‘x’ is shown in the figure. Draw a graph of the 
electric field E as a function of x. 


(1/5, AI 2019) 


$s. Is the electrostatic potential necessarily zero 


at a point where the electric field is zerc“ Give 
an example to support your answer. 
(2/5, AI 29245 


26. Draw the equipotential surfaces due 19 an 
electric dipole. Locate the points wher- the 
potential due to the dipole is zero. e 

(2/5, Al 2AL 


27. Write two properties of equipotyatia: 
surfaces. Depict equipotential surf 
due to an isolated point charge. WI 









distance between the equipotential e 
and the source charge decreases ? i 
(AI å 


2.7 Potential Energy of a System 
of Charges 


| SAL | (2 marks) 


28. Calculate the amount of work done to 
dissociate a system of three charges luc, 
luC and -4uC placed on the vertices of an 
equilateral triangle of side 10 cm. (AJ 2013C) 

29. Two charges -q and +q are located at point 
A(0, 0, -a) and B(0, 0, +a) respectively. How 
much work is done in moving a test charge 
from point P(7, 0, 0) to Q(-3, 0, 0)? 

(1/2, Delhi 2011C) 

30. Find out the expression for the potential energy 
of a system of three charges qı, q and q; located 
respectively at r,,F, and 7, with respect to the 


common origin O. (Delhi 2010C) 


| SAT | (3 marks) 


31. Four point charges Q, q, Q Q q 
and q are placed at the 





corners of a square of side ‘a’ 

as shown in the figure. 

Find the d a Q 
(a) resultant electric force on a charge Q, and 
(b) potential energy of this system. (2018) 


32. (a) Three point charges q, -4q and 2q are 
placed at the vertices of an equilateral triangle 
ABC of side as shown in the figure. Obtain 
the expression for the magnitude of the 


resultant electric force acting on the charge q. 
A 
1 


-4q 2q 
B ' C 
—— 


(b) Find out the amount of the work done to 
separate the charges at infinite distance. 


(2018) 
2:8 Potential Energy in an 
External Field 


(2 marks) 


33. A dipole, with its charges, -ç and +9, located 
the points (0, -b, 0) and (0, +b, 0), is 





present in a uniform electric field E. The 
equipotential surfaces of this field, are planes 


parallel to the y-z planes. g 
(i) What is the direction of the electric field E? 
(ii) How much torque would the dipole 


experience in this field? (Delhi 2010C) 


BSI (3 marks) 


34. Deduce the expression for the potential 
energy of a system of two point charges q, and 
q, brought from infinity to the points 7 and 
fr, respectively in the presence of external 


electric field E. (2/3, Delhi 2010) 


(5 marks) 


35. Derive an expression for the potential energy 
of an electric dipole in a uniform electric field. 
Explain conditions for stable and unstable 

(3/5, AI 2019) 


36. An infinitely large thin plane sheet has a 
uniform surface charge density +o. Obtain 
the expression for the amount of work done 
in bringing a point charge q from infinity to a 
point, distant r, in front of the charged plane 
sheet. (3/5, AI 2017) 


equilibrium. 


2.9 Electrostatics of Conductors 


(1 mark) 


37. Why is the potential inside a hollow spherical — 
charged conductor constant and has the same 
value as on its surface? (Foreign 2012) 


38. A hollow metal sphere of radius 5 cm is — 
charged such that the potential on its surface — 
is 10 V. What is the potential at the centre of — 
the sphere? (AI 2011) 


-iN (3 marks) 


39. Show that the capacitance of a spherical 
conductor is 4m€) times the radius of the 
spherical conductor. (Delhi 2010C) 









2.10 Dielectrics and Polarisation 


(1 mark) 


40. Distinguish between a dielectric and al 
conductor? (Delhi 2012C) 





Electrostatic Potential and Capacitance 


SAL | (2 marks) 


41. Distinguish between polar and non-polar 


dielectric. (Al 2010C) 
(5 marks) 
42. Explain, using suitable diagrams, the 


difference in the behaviour of a (i) conductor 
and (ii) dielectric in the presence of external 
electric held. Define the terms polarization 
of a dielectric and write its relation with 
susceptibility. (Delhi 2012C) 


2.11 Capacitors and Capacitance 


(1 mark) 


43. The given graph shows variation of charge 
‘q versus potential difference ‘V’ for two 
capacitors C, and C. Both the capacitors have 
same plate separation but plate area of C, is 
greater than that of C,. Which line (A or B) 
corresponds to C, and why? 


A 
q B 
V 
SAE (2 marks) 


44. Determine the potential difference across 
the plates of the capacitor ‘C, of the network 
shown in the figure. [Assume E; > E] 


+ 


+74 


(AI 2014C) 





E, 


(Delhi 2012C) 
9 12? The Parallel Plate Capacitor 
TA C marsi ooo 
ats of 2 F parallel 


6. What iS the once CF che al i 
plate capacitor having separation 
EAS 





between the 
(AI 2011) 





21 


(5 marks) 


46. 


47. 


When a parallel plate capacitor is connected 

across a dc battery, explain briefly how the 

capacitor gets charged. (2/5, AI 2019) 

If two similar large plates, each of area A 

having surface charge densities + 6 and - o 

are separated by a distance d in air, find the 

expressions for 

(a) field at points between the two plates and 
on outer side of the plates. Specify the 
direction of the field in each case. 

(b) the potential difference between the 
plates. 

(c) the capacitance of the capacitor so 

(3/5, AI 2016) 


formed. 
2.13 Effect of Dielectric on 
Capacitance 


(2 marks) 


48. 


49. 


50. 


A sphere S, of radius r, encloses a net charge Q. 
Ifthereisanother concentric sphere S, of radius 
r,(r, > rı) enclosing charge 2Q, find the ratio 
of the electric flux through S, and S,. How will 
the electric flux through sphere S, change if a 
medium of dielectric constant 5 is introduced 


in the space inside S, in place of air? 





(AI 2014C) 


A slab of material of dielectric constant K has 
the same area as that of the plates of a parallel 
plate capacitor but has the thickness d/2, 
where d is the separation between the plates. 
Find out the expression for its capacitance 


when the slab is inserted between the plates 


of the capacitor. (AI 2013) 


Two identical parallel plate (air) capacitor 
C, and C, have capacitances C each. The 
area between their plates in now filled with 


dielectrics as shown. 


28 


Yj 
Y 

Uy,” 

Ws 





] 
$ 


still 


If the two capacitors have equal 
capacitance, obtained the relation between 


dielectric constants K, K, and A). 
(Foreign 2011) 


"a 


SFE (3 marks) 


51. In a parallel plate capacitor with air between 
the plates, each plate has an area of 6 x 10° m? 
and the separation between the plates is 
3mm. 

(i) Calculate the capacitance of the capacitor. 

(ii) If this capacitor is connected to 100V 

supply, what would be the charge on each 
plate? 

(iii) How would charge on the plates be 
affected, if a 3 mm thick mica sheet of 
K = 6 is inserted between the plates while 
the voltage supply remains connected? 

(Foreign 2014) 

How is the electric field due to a charged 

parallel plate capacitor affected when 

a dielectric slab is inserted between the 

plates fully occupying the intervening 

region? 


52. (a) 


(b) A slab of material of dielectric constant 
K has the same area as the plates of a 
parallel plate capacitor but has thickness 


] l 
z” where d is the separation between 


the plates. Find the expression for the 
capacitance when the slab is inserted 
between the plates. (Foreign 2010) 


(5 marks) 


53. Two identical capacitors of plate dimensions 
l x b and plate separation d have dielectric 
slabs filled in between the space of the plates 
as shown in the figures. 





7 AA r 
4— |N —> 1/2 —> 


Obtain the relation between the dielectric 
constants K, K, and K». (AI 2013C) 


2.14 Combination of Capacitors 


(2 marks) 


54. 


35. 


A network of four capacitors, each of 
capacitance 15 uF, is connected across a 
battery of 100 V, as shown in the figure. Find | 
the net capacitance and the charge on the 
capacitor C4. 


Pe]. 


Ci 
C4 
IH 


100 V 
(AI 2012C) 


| mF capacitance connected to a battery of 6 
V. Initially switch S is closed. After sometime 7 
S is left open and dielectric slabs of dielectr:¢ 
constant K = 3 are inserted to fill completcty 
the space between the plates of the tws 
capacitors. How will the (i) charge and (i) 
potential difference between the plates 
the capacitors be affected after the slabs cae 


inserted? A 
S 
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Electrostatic Potential and Capacitance 





56. 


| SAIL | (3 marks) 


A network of four capacitors each of 12 uF 
capacitance is connected to a 500 V supply as 
shown in the figure. Determine (a) equivalent 
capacitance of the network and (b) charge on 
each capacitor. | 





———- 500 V 
(AI 2010) 


(5 marks) 


7. Show that the effective capacitance, C, of a 


series combination, of three capacitors, C}, C; 
and C; is given by 
C1 C203 


PE oci a” ant: A 
(GG +O, +C) 


(AI 2010C) 


2.15 Energy Stored in a Capacitor 
(2 marks) 


58. 


a. 


Pannen 


Calculate the potential difference and the 

energy stored in the capacitor C, in the circuit 

shown in the figure. Given potential at A is 90 V, 
—— a. a, E 


C, C3 C3 


(AI 2015) 


A parallel plate capacitor of capacitance C is 
charged to a potential V. It is then connected 
to another uncharged capacitor having the 
same capacitance. Find out the ratio of the 
energy stored in the combined system to that 


stored initially in the single capacitor. 
(AI 2014) 


. A parallel plate capacitor, each of plate area A 


and separation ‘d’ between the two plates, is 
charged with charges +Q and -Q on the two 
plates. Deduce the expression for the energy 
stored in capacitor. (Foreign 2013) 


Deduce the expression for the electrostatic 
energy stored in a capacitor of capacitance `C 


and having charge ‘Q. 


62. 


29 


How will the (i) energy stored and (ii) the 
electric field inside the capacitor be affected 
when it is completely filled with a dielectric 
material of dielectric constant ‘K’? (AI 2012) 
Net capacitance of three identical capacitors 
in series is 1 uF. What will be their net 
capacitance if connected in parallel? 

Find the ratio of energy stored in the two 
configurations if they are both connected to 
the same source. (AI 2011) 


BI (3 marks) 


63. 


65. 


66. 


(i) Find the equivalent capacitance between 
A and B in the combination given below. Each 
capacitor is of 2 UF capacitance. 


——— 
(ii) If a dc source of 7 V is connected across 
AB, how much charge is drawn from the 


source and what is the energy stored in the 
network? (Delhi 2017) 


. A 12 pF capacitor is connected to a 50 V 


battery. How much electrostatic energy is 
stored in the capacitor? If another capacitor 
of 6 pF is connected in series with it with 
the same battery connected across the 
combination, find the charge stored and 
potential difference across each capacitor. 

(Delhi 2017) 


Two identical capacitors of 12 pF each are 
connected in series across a battery of 50 V. 
How much electronstatic energy is stored in 
the combination? If these were connected ini 
parallel across the same battery, how mach | 
energy will be stored in the combination: 
now? mat 
Also find the charge drawn from the bariery | 
in each case. (Delhi 20173 


TF 











Eud 
cn ¥ k 


Two identical parallel plate capacitors« s 


and B are connected to a battery of VTE 


of the capacitors is filled with a die 
of dielectric constant K. Find the r 
the total electrostatic energy stored : 


70. (a) Obtain the expression for the en 


capacitors before and after the introduction 
of the dielectric. 


(Al 2017) 


[wo parallel plate capacitors X and Y have 
the same area of plates and same separation 
between them. \ has air between the plates 
while Y contains a dielectric of £, = 4 





IS V 


(1) Calculate capacitance of each capacitor 
if equivalent capacitance of 
combination is 4 uF. 

1) Calculate the potential 
between the plates of X and Y. 

(ul) Estimate the ratio of electrostatic energy 
stored in X and Y. (Delhi 2016) 

- In the following arrangement of capacitors, 

the energy stored in the 6 HF capacitor is E. 

Find the value of the following 

(i) Energy stored in 12 uF capacitor 

(il) Energy stored in 3 uF capacitor 

(ii) Total energy drawn from the battery 

mE: 


the 


difference 


6 uF 


3 uF 
12 uF 

(Foreign 2016) 

69. Two capacitors of unknown capacitances 
C, and C, are connected first in series and 
then in parallel across a battery of 100 V. If 

the energy stored in the two combinations is 
0.045 J and 0.25 J respectively, determine the 
value of C, and C,. Also calculate the charge 

on each capacitor in parallel combination. 


(Delhi 2015) 


ergy 
Stored per umit velune ina cnarged parallel 


gate apra tn m8 VED i 


71. 


#2. 


TDs 


74, 


(S marks) 


eo 





(b) The electric field inside a parallel plate 
capacitor is E. Find the amount of work 
done in moving a charge q over a closed 

rectangular loop abeda. (Dethi 2014) 

A capacitor of unknown capacitance is 

connected across a battery of V volts. The 

charge stored in it is 360 uC. When potential 
across the capacitor is reduced by 120 V, the 
charge stored in it becomes 120 UC. 

Calculate: 

(i) The potential V 
capacitance C. 

(ii) What will be the charge stored in the 
capacitor, if the voltage applied had 
increased by 120 V? (Delhi 2013) ` 

A capacitor of 200 pF is charged by a 300 V 

battery. The battery is then disconnected and _ 

the charged capacitor is connected to another 
uncharged capacitor of 100 pF. Calculate the 
difference between the final energy stored in ~ 
the combined system and the initial energy — 

stored in the single capacitor. (Foreign 2012) 

A parallel plate Capacitor 

a battery. After sometime 

disconnected and a dielectri 

thickness equal to the plate separation is 
inserted between the plates. How will (i) the ` 

Capacitance of the capacitor, (ii) potential — 

difference between the plates and (iii) the 

energy stored in the capacitor be affected? 

Justify your answer in each case. 

(Delhi 2011C, 2010) 

Find the ratio of the the potential difference 

that must be applied across the parallel and 

the series combination of two identical 

Capacitors so that the energy stored in the two 

cases, becomes the same. (2/3, Foreign 201 0) 


and 


the unknown 
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the battery is | 
c slab with its- 
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(a) Describe briefly the process of transferring 
the charge between the two plates of a 
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Temperature Dependence of Resistivity. 


Maximum weightage is of Drift of electrons and 
the origin of resistivity. >> Maximum SA Il and LA type questions were! 


‘Maximum VSA type questions were asked from asked from Potentiometer. 
QUICK RECAP 
dq 


Electric current : It is defined as the rate aedon tthe condutor Tuell 
of flow of electric charge through a cross- J 


| 
í 
i 





Previous Years’ CBSE Boare 





3.3 Electric Currents in Conductors 


(1 mark) 


1. How does the free 


random motion ol 
electrons in a conductor get affected when a 
potential difference is applied across its ends ¢ 


(Delhi 2014C) 
3.4 Ohm's Law 
SAE. (2 marks) 


2. A metal rod of square cross-sectional area A 
having length / has current J flowing through 
it when a potential difference of V volt is 
applied across its ends (figure I). Now the rod 
is cut parallel to its length into two identical 
pieces and joined as shown in figure II. What 
potential difference must be maintained 
across the length of 2/ so that the current in 
the rod is still I ? 


Mo oo 
ma O ON a aa 
A I I ] I 
] 
(1) (II) 
(Foreign 2016) 


-7AN E (3 marks) 
r 3 


In the two electric circuits shown in the 
figure, determine the readings of ideal 
ammeter (A) and the ideal voltmeter (V). 





(Delhi 2015C) 


35 Drift of Electrons and the 


Origin of Resistivity 


(1 mark) 


A 
© 


How is the drift velocity in a conductor 
affected with the rise in temperature? 
(Delhi 2019) 


Define the term ‘electrical conductivity’ of a 


metallic wire. Write its S.I. unit. 
(AI 2017C, Delhi 2014) 


Define the term drift velocity of charge carriers 
in a conductor and write its relationship with 
the current flowing through it. (Delhi 2014) 


Write the expression for the drift velocity 
of charge carriers in a conductor of length 
‘P across which a potential difference ‘V’ is 


applied. (AI 2014C) 


When electrons drift in a metal from lower 
to higher potential, does it mean that all the 
free electrons of the metal are moving in the 
(Delhi 2012) 


same direction? 


Two conducting wires X and Y of same 
diameter but different materials are joined in 
series across a battery. If the number density of 
electrons in X is twice that in Y, find the ratio 
of drift velocity of electrons in the two wires. 

(AI 2010) 


SAY | (2 marks) 


10. 


11. 


12. 


Using the concept of drift velocity of 
charge carriers in a conductor, deduce the 
relationship between current density and 
resistivity of the conductor. (Delhi 2015C) 


Estimate the average drift speed of conduction 


electrons in a copper wire of cross-sectional — 
area 1.0 x 10°’ m° carrying a current of 1.5 A. 
Assume the density of conduction electrons | 
(AI 2014) 


Explain the term ‘drift velocity’ of electrons in — 


to be 9 x 1078 m™°. 


a conductor. Hence obtain the expression for 


wa m 
aire aim 
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13. 


15. 


16. 


the current through a conductor in terms of 
‘drift velocity’ (AI 2013) 


Write a relation between current and drift 
velocity of electrons in a conductor. Use 
this relation to explain how the resistance 
of a conductor changes with the rise in 
temperature. (Delhi 2013C) 


Define mobility of a charge carrier. Write 
the relation expressing mobility in terms of 
relaxation time. Give its SI unit. (AI 2013C) 


A conductor of length ‘I is connected to a 
dc source of potential ‘V If the length of the 
conductor is tripled by gradually stretching 
it keeping ‘V’ constant, how will (i) drift 
speed of electrons and (ii) resistance of the 
conductor be affected. Justify your answer. 

(Foreign 2012) 


Define drift velocity. Write its relationship 
with relaxation time in terms of the electric 


field E applied to a conductor. 

A potential difference V is applied to a 
conductor of length /. How is the drift 
velocity affected when V is doubled and / is 
halved ? (Foreign 2010) 


syle (3 marks) 


© 


18. 


Tan steady curtest “£20 Ip 


(a) Define the term ‘conductivity’ of a 
metallic wire. Write its SI unit. 


(b) Using the concept of free electrons in 


a conductor, derive the expression: for the 
conductivity of a wire in terms of number 
density and relaxation time. Hence obtain 
the relation between current density and the 
applied electric field E. (2018) 


(a) Find the relation between drift velocity 
and relaxation time of charge carriers in a 
conductor. 

(b) A conductor of length L is connected to 
a dc. source of e.m.f. V. If the length of the 
conductor is tripled by stretching it, keeping 
V constant. Explain how drift velocity would 
be affected. (AI 2015) 
a metallic 
ferm cross-section. 


-aor duc:cr -cf vor-“rt 
5 is constant along 


Which of these quantitie 


20. 


21. 


22s 






99 


the conductor : current, current density, 
electric field, drift speed ? (1/3, Delhi 2015C) 


(a) Deduce the relation between current 
I flowing through a conductor and drift 
velocity Vq of the electrons. 

Figure shows a plot of current ‘I’ flowing 
through the cross-section of a wire versus 
the time ‘f. Use the plot to find the charge 
flowing in 10 sec through the wire. 


I(A) 


10 


t(s) 
(AI 2015C) 


Define relaxation time of the free electrons 
drifting in a conductor. How is it related to 
the drift velocity of free electrons? Use this 
relation to deduce the expression for the 
electrical resistivity of the material.(AJ 2012) 


A conductor of length L is connected to a dc 
source of emf £. If this conductor is replaced 
by another conductor of same material and 
same area of cross-section but of length 3L, 
how will the drift velocity change? 

(1/3, Delhi 2011) 


(5 marks) 


(i) Derive an expression for drift velocity of 
electrons in a conductor. Hence deduce 


Ohms law. 
iii) wire whose cross-sectional area is 


24. 


increasing linearly from its one end to 
the other, is connected across a battery of 
V volts. Which of the following quantities 
remain constant in the wire? 
(a) drift speed (b) current density 
(c) electric current (d) electric field 
Justify your answer. (Delhi 2017) 


Define the term drift velocity’ of charge 
carriers in a conductor. Obtain the expression 
for the current density in terms of relaxation 


time. (2/5, Foreign 2014) 


56 


yes. 


(a) Derive the relation between current 
density ‘j’ and potential difference V across 
a current carrying conductor of length ‘J; 
area of cross-section ‘A’ and the number 
density ‘n’ of free electrons. 

(b) Estimate the average drift spee of 
conduction electrons in a copper wire of 
cross-sectional area 1.0 x 10°’ m? carrying 
1.5 A. [Assume that the 
number density of conduction electrons is 
9x 10°% m™.] (Delhi 2012C) 


a current of 


3.6 Limitations of Ohm's Law 


(1 mark) 


Ve. Graph showing the variation 


=| CAD 
of current versus voltage fora £ 
; l = E 
material GaAs is shown in oO 
the figure. Identify the region 4 Voltage V—> 
of 
(i) negative resistance 
(ii) where Ohms law is obeyed. (Delhi 2015) 


3./ Resistivity of Various Materials 


(1 mark) 


27. Two wires of equal length, one of copper 
_ and the other of manganin have the same 
È resistance. Which wire is thicker ? (AI 2012) 


28. 


Carbon and silicon. both have four 
valence electrons each. How then are they 
distinguished ? (Delhi 2011C) 
29. Define resistivity of a conductor. Write its S.1. 
unit. (AI 2011C) 


(2 marks) 


á 


30. (a) You are required to select a carbon 3 i 


resistor of resistance 47 kQ + 10% from 

a large collection. What should be the 
sequence of colour bands used to code it ? 

Dob) Write the characteristics of manganin 

which make it suitable for making standard 

resistance. (Foreign 2011) 

p31. Define ionic mobility. Write its relationship 

with relaxation time. How does one understand 

he ‘empetaiure dependence of resistivity of 

be te Micsudictor? _- (Foreign 2010) 


x36, 


fo 
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32. The sequence of coloured bands in two 
carbon resistors R, and R; is 
(i) brown, green, blue 
(ii) orange, black, green 
Find the ratio of their resistances. (AI 2010C) 


3.8 Temperature Dependence of 
Resistivity 
(1 mark) 


33. l-V graph for a metallic wire at two different 
temperatures, T, and T; is as shown in the 
figure. Which of the two temperatures Is 


lower and why? 





(AI 2015) 


34. Plot a graph showing the variation of 
resistivity of a conductor with temperature. 
(Foreign 2015) 
35. Show variation of resistivity of copper as a 
function of temperature in a graph. 
(Delhi 2014) 
Plot a, graph showing variation of current 
versus voltage for the material GaAs. | 
(Delhi 2014) 
How does one explain increase in resistivity 
of a metal with increase of temperature ? 
(AI 2014C) 
Plot a graph showing the variation of 
resistance of a conducting wire as a function 
of its radius. Keeping the length of the wire 
and its temperature as constant. 


(Foreign 2013) 


p9. Two materials Si and Cu, are cooled from 


/ 


300 K to 60 K. What will be the effect on 
their resistivity ? (Foreign 2013) 
Show on a graph, the variation of resistivity 
with temperature for a typical semiconductor. 


(Delhi 2012) 
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nyu (2 mark j i 
SAI | s) 3.10 Combination of Resistors- 
WX Draw a graph showing variation of resistivity Series and Pa rallel 


with temperature for nichrome. Which 


property of nichrome is used to make _VSA_ TG mark) 


standard resistance coils ? ? x P 

Is (AI 2013C) (46) A wire of resistance 8R is bent in the form 
Plota graph showing temperature dependence of a circle. What is the effective resistance 
of resistivity for a typical semiconductor. How between the ends of a diameter AB ? 


is this behaviour explained 2 (Foreign 2011) 


| SAIL | (3 marks) A B 


ye (i) The graph between resistance (R) and 
temperature (T) for Hg is shown in the (Delhi 2010) 
figure. Explain the behaviour Of Hg near 4 K. Two identical slabs, of a given metal, are 
. OT joined together, in two different ways, as 
shown in figures (i) and (ii). What is the ratio 
of the resistances of these two combinations ? 





4 
T(K)—> 


(ii) In which region of the graph shown in the 
figure is the resistance negative and why? 





(ii) 
(Delhi 2010C) 







(mA) Î | SAL | (2 marks) 
2 FX 48. Two electric bulbs P and Q have their 
5 | resistances in the ratio of 1 : 2. They are 


connected in series across a battery. Find the 
ratio of the power dissipation in these bulbs. 





Voltage V(V) > 


(2/3, AI 2019) | (2018) 
49. Given the resistances of 1 Q, 2 Q and 3 Q, how 
3.9 Electrical Energy, Power will you combine them to get an equivalent 
i = ll a LE 
resistance of (i) — Q and (ii) — Q ? 
(1 mark) 3 5 
(Foreign 2015) 


44. Nichrome and copper wires of same length TATE (3 marks) 
and same radius are connected in series. | SAI mar 


Current I is passed through them. Which 5ọ. In the circuit shown in the figure, find the 


ify ; ch resistor. 
wire gets heated up more? Justify your answer current through ea 
(AI 2017) f 4 a ke 1.0Q 


SA Dey is ae ae 

45. Two bulbs are rated (P;, V) and (P,, V). If they 
are connected (i) in series and (ii) in parallel 
acre ss a supply Y, fing tae power dissipated 


inth = Fe f P, and P. ww 
o arinaa sia Ns OFF | 
g (Delhi 2019) 








(Delhi 2015C) 
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51. 
x 


Calculate the value of the resistance R in the 
circuit shown in the figure so that the current 
in the circuit is 0.2 A. What would be the 


potential difference between points B and E? 
6 V 


02Ag 52 C 





D 
(AI 2012) 


In the circuit shown, R, = 4 Q, R, = R; = 15 Q, 
R, = 30 Q and E = 10 V. Calculate the 
equivalent resistance of the circuit and the 
current in each resistor. 





(Delhi 2011) 
53. A network of resistors is connected to a 16 V 
battery of internal resistance of 1 Q as shown 
in the figure. 
4Q 12 Q 
A B1Q C D 
49 6 Q 
16 V 1 Q 
(a) Compute the equivalent resistance of 
the network. 
(b) Obtain the voltage drops V4, and Vep. 

(Foreign 2010) 


(5 marks) 


54. A 100 V battery is connected to the electric 
network as shown. If the power consumed 
in the 2 Q resistor is 200 W, determine the 
power dissipated in the 5 Q resistor. 

30 Q 





2 Q 


r We tea 


4 100 \ -f 
b- (2/5, Foreign 2014) 
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3.11 Cells, emf, Internal Resistance 


(1 mark) 


55.) The plot of the variation of potential 
difference across a 
combination of three 6V 
identical cells in series f 
versus current is u 
shown in the figure. 


i 


What is the emf and 0 LAIS 
internal resistance of 
each cell? (AI 2016) 


The emf of a cell is always greater than its 


terminal voltage. Why? Give reason. 
(Delhi 2013) 


56. 


67) Why is the terminal voltage of a cell less than 


its emf ? (AI 2013C) 


Three cells of emf €, 2€ and 5e having 
internal resistances r, 2r and 3r respectively 
are connected across a variable resistance R 
as shown in the figure. Find the expression 
for the current. Plot a graph for variation of 


current with R. 
E 2€ 5€ 


(AI 2010C) 


SAI | (2 marks) 


59. A cell of emf ‘F and internal resistance ‘r is 
connected across a variable resistor ‘R? Plot a 
graph showing variation of terminal voltage 
V’ of the cell versus the current ‘T. Using the 
plot, show how the emf of the cell and its 

internal resistance can be determined. 

(AI 2014) 


(a) Distinguish between emf (£) and terminal 
voltage (V) ofa cell having internal resistance ‘r. 


(b) Draw a plot showing the variation of — 
j 


terminal voltage (V) vs the current (I) drawn 
from the cell. Using this plot, how does one 


determine the internal resistance of the cell 2 i 
(AI 2014C) ` 
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61. A battery of emf E and internal resistance r 
when connected across an external resistance 
of 12 Q, produces a current of 0.5 A. When 
connected across a resistance of 25 Q, it 
produces a current of 0.25 A. Determine (i) 
the emf and (ii) the internal resistance of the 
cell. (AI 2013C) 


62.) A cell of emf E and internal resistance r is 
connected to two external resistances R, 
and R, and a perfect ammeter. The current 
in the circuit is measured in four different 


situations : 
(i) without any external resistance in the 
circuit 


(ii) with resistance R, only 

(iii) with R, and R, in series combination 
(iv) with R, and R, in parallel combination 
The currents measured in the four cases are 
0.42 A, 1.05 A, 1.4 A and 4.2 A, but not 
necessarily in that order. Identify the currents 
corresponding to the four cases mentioned 
above. (Delhi 2012) 


63. A battery of emf 10 V and internal resistance 
3 Q is connected to a resistor. If the current 
in the circuit is 0.5 A, find 
(i) The resistance of the resistor; 

(ii) The terminal voltage of the battery 
(Delhi 2012C) 


A straight line plot showing the terminal 
potential difference (V) ofacellasa function of 
current (J) drawn from it isshown in the figure. 
Using this plot, determine (i) the emf and 
(ii) internal resistance of the cell. 


ty 
7 
= 
`- 
-= 





` 
* 
` 
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0 0.04 0.12 0.20 0.28 
—_—¥ Current I (ampere) 


(Delhi 2011C) 
RSW (3 marks) 


65. Draw a graph showing the variation of 

ig at Verous vol fe in an el 2ctroayte when 

ey ern: resistance is also connected. 
AS aS, AI 2019) 
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(66) (a) The potential difference applied across 
a given resistor is altered so that the 
heat produced per second increases by 
a factor of 9. By what factor does the 
applied potential difference change? 

(b)In the figure shown, an ammeter A 
and a resistor of 4 9 are connected to 
the terminals of the source. The emf of 
the source is 12 V having an internal 
resistance of 2 Q. Calculate the voltmeter 
and ammeter readings. 


A) 


R=42 (AI 2017) 
67. A cell of emf ʻE and internal resistance ‘r 
is connected across a variable load resistor 
R. Draw the plots of the terminal voltage V 
versus (i) R and (ii) the current J. 
It is found that when R = 4 Q, the current is 
1 A and when R is increased to 9 Q, the 
current reduces to 0.5 A. Find the values of 
the emf E and internal resistance r. 
(Delhi 2015) 


68. Write any two factors on which internal 
resistance of a cell depends. The reading 
on a high resistance voltmeter, when a cell 
is connected across it, is 2.2 V. When the 
terminals of the cell are also connected to a 
resistance of 5 Q as shown in the circuit, the 
voltmeter reading drops to 1.8 V. Find the 
internal resistance of the cell. 





(AI 2010) 


(5 marks) 


69. A cell, with a finite internal resistance r, is 
connected across two external resistances 
R, and R, (R, > R3), one by one. In which 
case would the terminal potential difference 
of the cell be more ? (2/5, Delhi 2010C) 
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3.12 Cells in Series and in Parallel 


(1 mark) 


\ 


| 70.) 


Nia 


fd: 


_ this resistance? 


Under what condition will the current in a 
wire be the same when connected in series 
and in parallel of n identical cells each having 
internal resistance r and external resistance 
Re (AI 2019) 


Two identical cells, each of emf E, having 
negligible internal resistance, are connected 
in parallel with each other across an external 
resistance R. What is the current through 
(AI 2013) 


(72. Two cells, of emf 2€ and £, and internal 


Aesistance 2r and r respectively, are connected 
in parallel. Obtain the expression for the 
equivalent emf and the internal resistance of 
the combination. (AI 2010C) 


(2 marks) 


na (73. A 10 V cell of negligible internal resistance is 


| 74) 


‘ connected in parallel across a battery of emf 
200 V and internal resistance 38 Q as shown 
in the figure. Find the value of current in the 
circuit. 

10 V 


200 V 38 Q (2018) 


Two cells of emfs 1.5 V and 2.0 V having 
internal resistances 0.2 Q and 0.3 Q 
respectively are connected in parallel. 
Calculate the emf and internal resistance of 
the equivalent cell. (Delhi 2016) 


57AN (3 marks) 


Tae 


Two cells of emf E,, E, and internal resistance 
rı and r, respectively are connected in 
parallel as shown in the figure. 

E,,r, 


< 


| CBSE Champion Physics Class 12 





Deduce the expression for 

(i) The equivalent emf of the combination 

(ii) The resistance of the 
combination , 

(iii) The potential difference between the 
points A and B. (Foreign 2012) 


Two cells of emfs E, and E, and internal - 
resistance r, and r, are connected in parallel. 
Obtain the expression for the emf and 
internal resistance of a single equivalent cell 


that can replace this combination ¢ 
(2/3, Foreign 2011) 


equivalent 


76. 


Two cells of emf €, and £, having internal 
resistances r, and r, respectively are 
connected in parallel as shown. Deduce 
the expressions of the equivalent emf a cell 
which can replace the combination between 
the points B, and B,. 


TI 





(AI 2011C) 
3.13 Kirchhoff’s Laws 
(1 mark) 


78. A 10 V battery of negligible internal resis- 
tance is connected across a 200 V battery and 
a resistance of 38 Q as shown in the figure. 
Find the value of the current in circuit. 


10 V 


lie 


38 Q 200 V 


(2marks) __ Te 


Use Kirchhoffs rules to determine the 
potential difference between the points A 
and D when no current flows in the BE of the 
electric network shown in the figure. 


(Delhi 2013) 


rent Electricity 





(AI 2015) 


State Kirchhoff’s rules. Explains briefly how 
these rules are justified. (Delhi 2014) 


In the electric network shown in the figure, 
use Kirchhoff’s rules to calculate the power 
consumed by the resistance R = 4 Q. 


l FE, =12V r=2Q 





I, 


E, = V 
(Delhi 2014C) 


An ammeter of resistance 0.80 Q can measure 
current up to 1.0 A. 

(i) What must be the value of shunt 
resistance to enable the ammeter to measure 
current up to 5.0 A? 

(ii) What is the combined resistance of the 
ammeter and the shunt? (Delhi 2013) 


Use Kirchhoff’s rules to determine the value 
of the current J, flowing in the circuit shown 


in the figure. 


30 Q I, 
É 0V 
20 Q 2 
I, 
I, 
` Í 
80V | r 
\ A (Delhi 2013C) 


>m -3aean iri the circuit 
‘The network PRY, sscan It ‘he 


diagram, his the battenie> nf 4 V and 5 V 


and negligible internal resistance. A 
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milliammeter of 20 Q resistance is connected 


between P and R. Calculate the reading in 
the milliammeter. 


200 Q 


60 Q 





(AI 2012C) 


85. In the given circuit, assuming point A to be 
at zero potential, use Kirchhoff’s rules to 


determine the potential at point B. 


1A p_ 2A ii, j 


A | 
iv C 2A (AI 2011) 


86. Using Kirchhoff’s rules in the given circuit, 
determine (i) the voltage drop across the 
unknown resistor R and (ii) the current I in 


the arm EF. 
1A 3 V Q 
5V 30 
E F 


R (AI 2011C) 


yt (3 marks) 


87. Using Kirchhoffs rules, calculate the 
current through the 40 Q and 20 Q 


resistors in the following circuit. 


80 V 
2 20 Q m 
5 40 Q - 
10Q 
Ek F 
40 V 
(Delhi 2019) 
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89. 


90. 


| 02 [) 
o 


Using Kirchhoff s 


rules determine the 


l n 
value of unknown $192 an ‘ 
resistance R in the 7 Eh 
; i i pun — — 
circuit so that no { J ba — 

9 \ yy 


current flows through | 
4 Q resistance. Also find the potential difference 


between A and D. 
(Delhi 2012) 


(a) State Kirchhoft’s rules. 


(b) Use these rules to write the expressions 
for the currents l, /, and /; in the circuit 


diagram shown. 





(AI 2010) 


(a) State Kirchhoff’s rules. 
(b) A battery of 10 V and negligible 
internal resistance is connected across the 
diagonally opposite corners of a cubical 
network consisting of 12 resistors each of 1 £2 
resistance. Use Kirchhoff’s rules to determine 
(i) the equivalent resistance of the network, 
and (ii) the total current in the network. 

(AI 2010C) 


(5 marks) 


Si, 


(i) State the two Kirchhoff’s laws. Explain 
briefly how these rules are justified. 


(ii) The current is 
drawn from a 
cell of emf E 


internal 


A B 


and 
resistance r E,r 
connected to 

the network of resistors each of resistance 
r as shown in the figure. Obtain the 
exvressicn for (a) the current drawn from 
the ceil anc (a the-pronwer consumed in 
the network. (Delhi 2017) 


3.14 Wheatstone Bridge 
SAL | (2 marks) 


92. 


94. 


Use Kirchhoff's rules to obtain conditions 


for the balance condition in a Wheatstone 
bridge. (Delhi 2015) 


te the current drawn from the battery 


Calcula 
ork of resistors shown in the 


by the netw 


figure. 


2 22 





di (AI 2015C) 


Calculate the value of current drawn form a 
5 V battery in the circuit as shown. 


10 Q 





(Foreign 2013) 


(5 marks) 


95. 


Hos 


(a) State Kirchhoffs rules for an electric 
network. 

(b) Using Kirchhoffs rules, obtain the 
balance condition in terms of the resistances 
of four arms of Wheastone bridge. 


(3/5, Delhi 2013, 2010C) 


Use Krichhoft’s rules to obtain the balance 
condition in a Wheatstone bridge. 

Calculate the value 
of R in the balance 
condition of the 
Wheatstone bridge, 
if the carbon 
resistor connected 
across the arm CD 
has the colour 
sequence red, red 
and orange, as is shown in the figure. 









: 


SA II 


. What is end error in a metre bridge ? How 


If now the resistances of the 
CD are interchanged, to obtain the balance 
condition, another carbon resistor is 
connected in place of R. What would now be 
the sequence of colour bands of the carbon 
resistor ? (Delhi 2012C) 


arms BC and 


19 Meter Bridge 
VSA 


(1 mark) 


In an experiment on meter bridge, if the 
balancing length AC is ‘x, what would be its 
value, when the radius of the meter bridge 
wire AB is doubled? Justify your answer. 






A +—— x — C B (AI 2011C) 


In a meter bridge, two unknown resistances 
R and S when connected in the two gaps, give 
a null point at 40 cm from one end. What is 
the ratio of Rand S ? 


(Delhi 2010C) 
(3 marks) 


is it overcome ? The resistances in the two 
arms of the metre bridge are R = 5 Q and S 
respectively. 

When the resistance S is shunted with an equal 
resistance, the new balance length found to be 
1.5 l» where /, is the initial balancing length. 
Calculate the value of S. 





(Delhi 2019) 


00. State the underlying principle of meter 


bridge. Draw the circuit diagram and explain 
o# the unknown resistance oF a Conductor 
ve determined: ty his mretiand. (AT 2019) 


101. 


102. 


Yos. 
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(a) 


Write the principle of working of a metre 
bridge. 

(b) In a metre bridge, the balance point is 
found at a distance l, with resistances R 
and S as shown in the figure. 


R S 


A B 
an | 
An unknown resistance X is now connected 
in parallel to the resistance S and the balance 
point is found at a distance L. Obtain a 
formula for X in terms of l, L and S. 
(AI 2017) 


With the help of the circuit diagram, explain 
the working principle of meter bridge. How is 
it used to determine the unknown resistance of 
a given wire ? Write the necessary precautions 
to minimize error in the result. (AJ 2015C) 


Answer the following : 

(a) Why are the connections between the 
resistors in a meter bridge made of thick 
copper strips? 

(b) Why is it generally preferred to obtain 
the balance point in the middle of the metre 
bridge wire? 

(c) Which material is used for the meter 
bridge wire and why? (AI 2014) 


. Write the principle on which the working of 


a meter bridge is based. In an experiment of 
meter bridge, a student obtains the balance 
point at the point J such that AJ = 40 cm as 
shown in the figure. The values of ‘R’ and 
‘X’ are both doubled and then interchanged. 
Find the new position of the balance point. 
If the galvanometer and battery are also 
interchanged, how will the position of 
balance point be affected ? 





(AI 2012C) ` 


dG 
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105. In the meter bridge experiment, balance 
point was observed at J with AJ = l 

(i) The value of R and X were doubled and 
then interchanged. What would be the 
new position of balance point ? 

If the and battery are 
interchanged at the balance position, 


(ii) galvanometer 
how will the balance point get affected ? 
R X 


o | 5 


A 


(AI 2011) 


106. In a meter bridge, the null points is found at 
a distance of 40 cm from A. If a resistance of 
12 Q is connected in parallel with S, the null 
point occurs at 50.0 cm from A. Determine 


the values of R and S. 





(Delhi 2010) 


(5 marks) 


107.In the meter bridge experimental set up, 
shown in the figure, the null point ‘D’ is 
obtained at a distance of 40 cm from end A 
of the meter bridge wire. 


Metre scale 





E 
If a resistance of 10 Q is — in series 
with R,, null point is obtained at AD = 60 cm. 
Calculate the values of R, and R}. 
(2/5, Delhi 2013) 


8. (a) State with the help of a circuit diagram, 
tie working pee ee! of a meter bridge. 


UHA VDOC Vianpivii i tyes vee Ig 


Obtain the expression used for determining 
ye unknown resistance. 

(b) What happens if the galvanometer and 

cell are interchanged at the balance point of 

the bridge ? 

(c) Why is it considered important to 


obtain the balance point near the mid-point 
of the wire ? (Delhi 2011C) 
Draw a circuit diagram for determining the 
unknown resistance R using meter bridge. 
Explain briefly its working giving the 
necessary formula used. (2/5, Delhi 2010C) 


3.16 Potentiometer 


(1 mark) 


109. 


110. State the underlying principle of a 
potentiometer. (Delhi 2014C) 
111. A resistance R is connected across a 


cell of emf € and internal resistance r. A 
potentiometer now measures the potential 
difference between the terminals of the cell 
as V. Write the expression for r in terms of €, 


Vand R. (Delhi 2011) 
BEN (2 marks) 
112.In a potentiometer arrangement for 


determining the emf of a cell, the balance 
point of the cell in open circuit is 350 cm. 
When a resistance of 9 Q is used in the 
external circuit of the cell, the balance point 
shifts to 300 cm. Determine the internal 


resistance of the cell. (2018) 
113. (i) State the principle of — of a 
potentiometer. 


(ii) In the following potentiometer circuit 
AB is a uniform wire of length 1 m and 
resistance 10 Q. Calculate the potential 
gradient along the wire and balance length 
AO (= J). 


I 2V 15 Q 


(Delhi 2016) — 
i 






purrent Electricity 


14. Describe briefly, with the help of a circuit 
diagram, how a potentiometer is used to 
determine the internal resistance of a cell. 


(Al 2013) 


15. Two students X and “Y preform an 
experiment on potentiometer separately 
using the circuit given - Keeping other 
parameters unchanged, how will the position 
of the null pent De affected if 


+ 





(i) X increases the value of resistance R in 
the set-up by keeping the key K, closed 
and the key K, open ? 

(ii) ‘Y decreases the value of resistance S 

in the set-up, while the key K, remains 

open and the key K, closed ? 
(Foreign 2012) | 





syle (3 marks) 


16)(a) For the circuit shown in the figure, how 
would the balancing length be affected, if 





(i) R, is decreased, 
R, is increased, 
the other factors remaining the same in the 
circuit? Justify your answer in each case. 


Mib) Why is a potentiometer preferred over a 
voltmeter? Give reason. (AI 2019) 


B.A resistance of R draws current from a 
potentiometer. The potentiometer wire AB, 
has a total resistance of Rọ. A voltage V is 


supplied to the potentiometer. Derive an 
¿cross R when 


z middle of the 






uxprossion for the voltage 
f the slidmyz enact TAME 
potentiometer wire. 


118. 


120. 


45121. 


122. 
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R (Delhi 2017) 


Draw a circuit diagram of a potentiometer. 
State its working principle. Drive the 
necessary formula to describe how it is used 
to compare the emfs of the two cells. 

(AI 2015C) 


A potentiometer wire of length 1 m has a 
resistance of 10 Q. It is connected to a 6 V 
battery in series with a resistance of 5 Q. 
Determine the emf of the primary cell which 
gives a balance point at 40 cm. (Delhi 2014) 


A potentiometer wire of length 1.0 m has a 
resistance of 15 Q. It is connected to a 5 V 
battery in series with a resistance of 5 Q. 
Determine the emf of the primary cell which 
gives a balance point at60 cm. (Delhi 2014) 


(a) State the underlying principle of a 
potentiometer. Why is it necessary to (i) use 
a long wire, (ii) have uniform area of cross- 
section of the wire and (iii) use a driving cell 
whose emf is taken to be greater than the 
emfs of the primary cells ? 

(b) In a potentiometer experiment, if the 
area of the cross-section of the wire increases 
uniformly from one end to the other, draw a 
graph showing how potential gradient would 
vary as the length of the wire increases from 
one end. (AI 2014C) 


State the underlying principle of a 
potentiometer. Write two factors on which 
the sensitivity of a potentiometer depends. 





In the potentiometer circuit shown in the 

figure, the balance point is at X. State, giving 

reason, how the balance point is shifted when 

(i) Resistance R is increased ? 

(ii) Resistance S is increased, keeping R 
constant ? (2/3, Delhi 2013C) 


i 


\ 
\ 


66 


123. In the figure a long uniform potentiometer 
wire AB is having a constant potential 
gradient along its length, The null points 
for the two primary cells of emfs €; and £, 
connected in the manner shown are obtained 
at a distance of 120 cm and 300 cm from the 
end A. Find (i) €,/€) and (ii) position of null 
point for the cell ¢,. How is the sensitivity of 
a potentiometer increased? 


300 cm 


120 cm 





(Delhi 2012) 


(a) State the underlying principle of 
potentiometer. 

(b) Describe briefly, giving the necessary 
circuit diagram, how a potentiometer is used 
to measure the internal resistance of a given 


(Foreign 2011) 


124. 


cell. 


125. Write the principle of working of a 
potentiometer. Describe briefly, with the help 
of a circuit diagram, how a potentiometer is 
used to determine the internal resistance of a 


given cell. (Delhi 2010) 


(5 marks) 


M26. (i) In the circuit diagram given below, AB is 


a uniform wire of resistance 15 Q and length 
1 m. It is connected to a cell E, of emf 2V and 
negligible internal resistance and a resistance 
R. The balance point with another cell E, of emf 
75 mV is found at 30 cm from end A. 
Calculate the value of R. 





Yii) Why is potentiometer preferred over a 
voltmeter for comparison of emf of cells ? 
ai) Draw a civcuit diagram to determine 
internal resistence of a.etr. the laboratory. 

(Foreign 2016) 


(WUU C ] UDoOL Ullaliipivtt i iy owy wiIMewy 1c. 


127. (a) State the principle of a potentiometer, 


128. 


Pb) Write two possible causes for one sided 


129. 


130. 


Define potential gradient. Obtain an 
expression of potential gradient in terms of 
resistivity of the potentiometer wire. 

(b) Figure shows a long potentiometer wire 
AB having a constant potential gradient. The 
null points for the two primary cells of emfs 
e; and £, connected in the manner shown 
are obtained at a distance of l, = 120 cm and 
1, = 300 cm from the end A. Determine 
(i) e,/e, and (ii) position of null point for the 


cell €, only. 


300 cm 








(Foreign 2014) 


(a) State the working principle of a 
potentiometer. With the help of the circuit 
diagram, explain how a potentiometer is 
used to compare the emf’s of two primary 
cells. Obtain the required expression used for 
comparing the emfs. 














deflection in a potentiometer experiment. 
(Delhi 2013) 


(a) State the working principle of a 
potentiometer. Draw a circuit diagram to 


compare emf of two primary cells. Drive the 
formula used. 


(b) Which material is used for 
potentiometer wire and why ? 
(c) How can the sensitivity of a — 


potentiometer be increased? (Delhi 2011C) 


(a) Write the underlying principle of ak 
potentiometer. a 


(b) Draw the circuit diagram of the | 


: Nos 






experimental set-up used for determining th 27 : 
internal resistance of a cell by potentiomete = 
Write the necessary formula used. | 


(3/5, Delhi 2010C) 
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|» Maximum weightage is of the Moving coil Motion in a Magnetic Field. 
Galvanometer. : 
> Maximum SA Il type questions were asked 
>» Maximum VSA type questions were asked from from The Moving Coil Galvanometer. 
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N menei field: Wis wregicn or space around moving charge, in which its magnetic effect 


a magnet or curen cuyyae ©onductor or a can be felt. 
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boy ” F 
Previous Years’ CBSE Board Questions 
4.2 Magnetic Force What would be the ratio of the cirċular paha 
VSA | (1 mark) described by them? (Foreign 2011) 


9. Two particles A and B of masses m and 2m 
aia h have charges q and 2q respectively. Both these 
the Lorentz magnetic force F due to a charge particles moving with velocities v, and v 
moving with velocity ý ina magnetic field B. i 
What is the direction of the magnetic force? 


1. Write the expression, in a vector form, for 


respectively in the same direction enter the 
same magnetic field B acting normally to 


. (Delhi 2014) their direction of motion. If the two forces F, 

2. chao tesla using the expression for the and F, acting on them are in the ratio of 1 : 2, 
inane IC m acung on a particle of charge q find the ratio of their velocities.(Delhi 2011C) 
moving with velocity > in a magnetic field B. 10. A beam of a-particles projected along 
(Foreign 2014) + x-axis, experiences a force due to a magnetic 

3. Use the expression : F = q (¥ x B), to define field along the + y-axis. What is the direction 


the SI unit of magnetic field. (AI 2010C) of the magnetic field? 


x 


4.3 Motion in a Magnetic Field 
(1 mark) 





4. A proton and an electron travelling along (AI 2010) 
parallel paths enter a region of uniform ; 
magnetic field, acting perpendicular to their : 
paths. Which of them will move in a circular | SAL | (2 marks) 
path with higher frequency‘ ean 11. A charged particle q is moving in the presence 
5. A particle of mass ‘m and charge ‘q’ moving of a magnetic field B which is inclined to an 
with velocity ‘v’ enters the region of uniform angle 30° with the direction of the motion of 
magnetic field at right angle to the direction the particle. Draw the trajectory followed by 
of its motion. How does its kinetic energy get the particle in the presence of the field and 
affected? (Delhi 2015C) explain how the particle describes this path. 
(Delhi 2019) 


6. A long straight wire carries a steady current I 
along the positive y-axis in a coordinate 12. A particle of charge ‘q’ and mass ‘m is moving 
system. A particle of charge + Q is moving with velocity y It is subjected to a uniform 

magnetic field B directed perpendicular to 


with a velocity v along the x-axis. In which | 
its velocity. Show that it describes a circular 


direction will the particle experience a force? 


(Foreign 2013) path. Write the expression for its radius. 

f — ticl (Foreign 2012) 

i of a charged particle i 
7. Depict the a aan f T m a DEA proton and a deuteron, each moving with 
moving with ve one hl dicular to the velocity¥ enter simultaneously in the region 
aiton magnetic field pe ea of magnetic field B acting normal to the 
direction of its motion. ( l direction of velocity. Trace their trajectories 
K8. A narrow beam of protons and deuterons, establishing the relationship between the two. 
i each having the same momentum, enters a (Delhi 2012C) 
re gior of uaiiorn: Anagr tio jie'd directed 14. Write the expression for Lorentz magnetic 
sir divecii a10: momentum. force on a particle of charge ‘q’ moving with 


perpendi ylafto 4I 
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M7. 


18. 





velocity Şin a magnetic field B. Show that 
no work is done by this force on the charged 


particle. (AI 2011) 
. An Q-particle and a x x 
proton moving with x xX 


P e——px x x 
O ep x x xX X 


x x x X 


the same speed enter 
the same magnetic field 
region at right angles to 
the direction of the B 

field. Show the 

trajectories followed by the two particles in 
the region of the magnetic field. Find the ratio 
of the radii of the circular paths which the 
(Foreign 2010) 


x x x x 


two particles may describe. 


| SAN (3 marks) 


A proton, a deuteron and an alpha particle, 
are accelerated through the same potential 
difference and then subjected to a uniform 


magnetic field B,perpendicular to the direction 
of their motions. Compare 

(i) their kinetic energies, and 

(ii) if the radius of the circular path described 
by proton is 5 cm, determine the radii of 
the path described by deuteron and alpha 
particle. (AI 2019) 


(a) Write the expression for the magnetic 
force acting on a charged particle moving 
with velocity v in the presence of magnetic 


field B. 


(b) A neutron, an electron and an alpha 
particle moving with equal velocities, enter a 


uniform magnetic x xX X X X X 
‘ > od e 

field going into the arpg 
plane of the paper as n e—» 

x x x x x x 


shown. Trace their 
paths in the field and x x x x x x 
justify your answer. 

(Delhi 2016) 


A uniform magnetic field B is set up along 
the positive x-axis. A particle of charge ‘g 
and mass m moving with a velocity Ÿ enters 
the field at the origin in X-Y plane such 
that it has velocity components both along 
and perpendicular to the magnetic field B. 
Trace, giving reason, the trajectory followed 
by the particle Find out the expression for 


E (th: distance muved by me particle along the 


onctic feldin one rutates. (AI 2015) 


19. 


CBSE Champion Physics Class 12 
An electron moving horizontally b a 
with a velocity of 4 x 10° m/s -pp : 
enters a region of uniform wox 
magnetic field of 10 ` T acting 
vertically upward as shown in the figure. 
Draw its trajectory and find out the time it 
takes to come out of the region of magnetic 
field. (Foreign 2015) 


x x x xk & 


(5 marks) 


20. 


21. 


A proton and a deuteron having equal 
momenta enter in a region of a uniform 
magnetic field at right angle to the direction 
of the field. Depict their trajectories in the 
field. (2/5, Delhi 2013, AI 2010) 


Deduce the expression for the frequency of 
revolution of a charged particle in a magnetic 
field and show that this is independent of the 
velocity or energy of the particle. (AJ 2010C) 


4.4 Motion in Combined Electric 


and Magnetic Fields 


(1 mark) 


22. 


23. 


Find the condition under which the charged 
particles moving with different speeds in 
the presence of electric and magnetic field 
vectors can be used to select charged particles 
of a particular speed. (AI 2017) 


Write the condition under which an electron 
will move undeflected in the presence of 


crossed electric and magnetic fields. 
(AI 2014C) 


(2 marks) 


24. 


State the underlying principle of a cyclotron. 

Write briefly how this machine is used to 

accelerate charged particles to high energies. 
(Delhi 2014) 


yi (3 marks) 


X. 


26. 


State the underlying principle of a cyclotron. 
Explain its working with the help of a 
schematic diagram. Obtain the expression for, 
cyclotron frequency. (Delhi 2019) 


(i) Obtain the expression for the cyclotron 
frequency. 


27. 


28. 


29. 


(ii) A deuteron and a proton are accelerated 
by the cyclotron. Can both be accelerated 
with the same oscillator frequency? Give 
reason to justify your answer. 

(Delhi 2017) 
Write the expression for the force F 
acting on a particle of mass m and charge 
q moving with velocity ¥ in a magnetic 
feld B. Under what conditions will 
it move in (i) a circular path and (ii) a 
helical path? 
(b) Show that the kinetic energy of the 
particle moving in magnetic field remains 


constant. (AI 2017) 
(a) A point charge q y $ 
moving with speed v enters a B 

a uniform magnetic field B ii 

that is acting into the plane : 

of paper as shown. What 

is the path followed by X 


the charge q and in which 
plane does it move? 


(b) How does the path followed by the charge 
get affected if its velocity has a component 
parallel to B? 


(c) Ifan electric field E is also applied such 
that the particle continues moving along the 
original straight line path, what should be the 


magnitude and direction of the electric field E? 
(Foreign 2016) 


Draw a schematic sketch of the cyclotron. 
State its working principle. Show that the 
cyclotron frequency is independent of the 


velocity of the charged particles. 
(Delhi 2011C) 


ET (5 marks) 


30. (a) Deduce an expression for the frequency 


of revolution of a charged particle in a 
magnetic field and show that it is independent 


of velocity or energy of the particle. 


(b) Draw a schematic sketch of a cyclotron. 


iving the essential details of its 
ro accelerate the 


(AI 2014) 


Explein, g 
construction, now 1tas- used 
charged particles. = 


ce 


32, 


33. 


34. 


33. 


36. 


(a) Draw a schematic sketch of a cyclotron. 
Explain clearly the role of crossed electric 
and magnetic field in accelerating the charge. 
Hence derive the expression for the kinetic 
energy acquired by the particles. 


(b) An &-particle and a proton are released from 
the centre of the cyclotron and made to 
accelerate. 

(i) Can both be accelerated at the same 
cyclotron frequency? Give reason to justify 
your answer. 

(ii) When they are accelerated in turn, which 
of the two will have higher velocity at the 


exit slit of the dees? (AI 2013) 


Write the expression for the F, force, acting 
on a charged particle of charge ‘q, moving 
with a velocity v in the presence of both 
electric field E and magnetic field B. Obtain 
the condition under which the particle moves 
undeflected through the fields. 

(2/5, AI 2012) 


With the help of a labelled diagram, state the 
underlying principle of a cyclotron. Explain 
clearly how it works to accelerate the charged 
particles. 

Show that cyclotron frequency is independent 
of energy of the particle. Is there an upper 
limit on the energy acquired by the particle? 
(Delhi 2011) 


Draw a schematic sketch of a cyclotron, 


Give reason. 


explain its working principle and deduce the 
expression for the kinetic energy of the ions 
(3/5, Foreign 2011) 


Draw a schematic sketch of a cyclotron. State 
its working principle. Describe briefly how it 
is used to accelerate charged particles. Show 
that the period of a revolution of an ion is 
independent of its speed or radius of the orbit. 
Write two important uses of a cyclotron. 

(AI 2011C) 
Draw a schematic sketch of a cyclotron. 
Explain, giving the essential details of its 


construction, how it is used to accelerate the 
charged particles. (3/5, AI 2010C) 


accelerated. 


4.5 Magnetic Field Due toa Current 


Element, Biot-Savart Law 


SAI (2 marks) 


37. A long straight wire AB B 


38. 


33, 


carries a current of 
4 A. A proton P travels at 
4 x 10° m s` parallel 
to the wire 0.2 m from 
it and in a direction 


opposite to the current 4 4 x 106 m s~! 
as shown in the figure. 
Calculate the force which the magnetic field 
due to the current carrying wire exerts on the 
proton. Also specify its direction. 

(AI 2019) 


State Biot - Savart law in vector form 


expressing the magnetic field due to an 


element dl carrying current I at a distance 7 


from the element. (1/2, AI 2014C) 
A long straight wire B 

AB carries a current I. 

A proton P travels with =! 

a speed v, parallel to : @ Proton 
the wire, at a distance y 


d from it in a direction 
opposite to the current 
as shown in the figure. 
What is the force experienced by the proton 
and what is its direction? (Al 2010) 


sya (3 marks) 


40. 


(a) State Biot - Savart’s law and express this 
law in the vector form. 


Two identical circular coils, Pand Q each 
of radius R, carrying currents 1 A and 
V3 A placed 
concentrically and perpendicular to each 
other lying in the XY and YZ planes. Find 
the magnitude and direction of the net 


(b) 


respectively, are 


magnetic field at the centre of the coils. 
4 mee (AI 2017) 


(5 marks) 


4l. 


State Biot-Savart law, giving the mathematical 
expression for it. | 

Use this law to derive the expression tor the 
magnetic field due to a circular coil carrying 
current at a point along its axis. (Delhi 2011) 


4.6 Magnetic field on the Axis of 


a Circular Current Loop 


(1 mark) 


42. 


Depict the direction of the magnetic field 
lines due to a circular current carrying loop, 
(Delhi 2012C) 


BN 2 marks) 


43. 


44. 


X45. 


Two very small 
identical circular 
loops, (1) and (2), 
carrying equal 
currents ] are placed 
vertically (with 
respect to the plane 
of the paper) with 
their geometrical 
axes perpendicular 
to each other as shown in the figure. Find the 
magnitude and direction of the net magnetic 
field produced at the point O. 

(AI 2017C, Foreign 2014) 
Two identical circular 2r 
loops, P and Q, each of 
radius r and carrying O 
equal currents are kept PY 
in the parallel planes 
having a common axis passing through O. The 
direction of current in P is clockwise and in Qis 
anti-clockwise as seen from O which is 
equidistant from the loops P and Q. Find the 
magnitude of the net magnetic field at O. 

(Delhi 2012) 


Two identical coils, each of radius ‘R’ and 
number of turns ‘N are lying in perpendicular 
planes such that their centres coincide. Find 
the magnitude and direction of the resultant | 
magnetic field at the centre of the coils, if they 
are carrying currents J and J5 I respectively. a 

(Delhi 2012C) 
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46. A straight wire of length L 


circular loop. Use Biot-Savart | 


is bent into a semi- 
aw to deduce 


an expression for the magnetic field at its 


centre due to the current | 


SIE (3 marks) 





passing through it. 
(Delhi 2011C) 


47. Two identical loops P and Q each of radius 


5 cm are lying in perpendicular planes such 
that they have a common centre as shown in 
the figure. Find the magnitude and direction 
of the net magnetic field at the common 
centre of the two coils, if they carry currents 


equal to 3 A and 4 i eespoctivaly 


48. Use Biot-Savart law to d 
for the magnetic field on 
carrying circular loop of 
Draw the magnetic field 
wire carrying current J. 


49. Two identical coils P and Q 


(AI 2017) 


erive the expression 

the axis of a current 

radius R. 

lines due to circular 
(AI 2016) 


Q 


each of radius R are lying in 


perpendicular planes 


such 


that they have a common 
centre. Find the magnitude 


and direction of the magnetic a 
field at the common centre of the two coils, if 


they carry cur 
respectively. 


rents equal to J and J31 


(Foreign 2016) 


50. A straight wire of mass 200 g and length 1.5 m 


carries a curren 


air by a uniform magnetic field B. What 
the magnetic field? 


magnitude of 


T (5 marks) 


51. Write, using Biot-Savart law, 


for the magnetic field 
di carrying current I a 
in a vector form. 


t of 2 A. It is suspended in mid 


is the 


(2/3, Foreign 2015) 


B due to an element 
t a distance r from it 


the expression - 


ge 


a 


ds 
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Hence derive the expression for the magnetic 
field due to a current carrying loop of radius 
R at a point P distant x from its centre along 
the axis of the loop. (AI 2015) 


Write any two important points of similarities 
and differences each between Coulomb's law 
for the electrostatic field and Biot-Savart’s law 
of the magnetic field. Use Biot-Savart’s law to 
find the expression for the magnetic field due 
to a circular loop of radius ‘r’ carrying current 
‘I’, at its centre. (Foreign 2015) 


Using Biot-Savart law, derive the expression 
for the magnetic field in the vector form at a 


point on the axis of a circular current loop. 
(3/5, AI 2013) 


. State Biot-Savart law, expressing it in the 


vector form. Use it to obtain the expression 
for the magnetic field at an axial point, 
distance ‘d’ from the centre of a circular coil 
of radius ‘a’ carrying current ‘T. Also find the 
ratio of the magnitudes of the magnetic field 
of this coil at the centre and at an axial point 
for which d = a V3. (Delhi 2013C) 
(a) Using Biot-Savart’s law, deduce an 
expression for the magnetic field on the axis 
of a circular current loop. 


. (b) Draw the magnetic field lines due to a 


current carrying loop. 

(c) A straight wire carrying a current of 12 
A is'bent into a semi-circular arc of radius 2.0. 
cm as shown. What is the magnetic field B at — 
O due to (i) straight segments (ii) the semi- 
circular arc? 


eau 


(Foreign 2010) 


4.7 Ampere’s Circuital Law < 


-yE (3 marks) 


56. 


F7. 


State Ampere’s circuital law, expressing it in 
the integral form. (1/3, Delhi 2014) 


A long straight wire of a circular cross section 
of radius ‘a carries a steady current ‘I. The 
current is uniformly distributed across the 
cross-section. Apply Ampere’s circuital law 


98 


to calculate the magnetic field at a point ‘r 
in the region for (i) r <a and (ii) r>a. 


(Delhi 2010) 


(5 marks) 


58. 


os 


Explain how Biot-Savart’s law enables one 
to express the Amperes circuital law in the 
integral form, viz. 

$ B-dl = pol 
where I is the total current passing through 
the surface. (2/5, AI 2015) 


Figure shows a long straight wire of a 
circular cross-section of radius ‘a’ carrying 
steady current J. The current I is uniformly 
distributed across this cross-section. Derive 
the expressions for the magnetic field in the 
region r < a and r>a. 


-.-. 
-* “a 






- 
ence’ 


(3/5, AI 2011C) 


4.8 The Solenoid and the Toroid 
| SAI | (2 marks) 


60. 


61. 


Draw the magnetic field lines due to a current 
passing through a long solenoid. Use Ampere’s 
circuital law, to obtain the expression for the 
magnetic field due to the current J in a long 
solenoid having n number of turns per unit 
length. (Delhi 2014C) 


A long solenoid of length ‘P having N turns 
carries a current J. Deduce the expression 
for the magnetic field in the interior of the 
solenoid. (AI 2011C) 


BW 3 marks) 


62. 


Two long coaxial insulated solenoids, S, 
and S, of equal lengths are wound one over 
the other as shown in the figure. A steady 
current “I” flow through the inner solenoid 
S, to the other end B, which is connected to 
the outer solenoid S, through which the same 
current “J” flows in the opposite direction 
so as to come out at end A. If n, and n, are 
the numberof turns per unit length, find the 
magnitude and direcacn ot the net magnetic 


63. 


CBSE Champion Physics Class 12 


field at a point (i) inside on the axis and (ii) 
outside the combined system. 





/ 
n, turns 


n turns 
(2/3, Delhi 2014) 

How is a toroid different from a solenoid ? 

Use Ampere’ circuital law to obtain the 

magnetic field inside a toroid. 

(c) Show that in an ideal toroid, the magnetic 
field (i) inside the toroid and (ii) outside 
the toroid at any point in the open space 
is zero. (AI 2014C) 


(a) 
(b) 


(5 marks) 


64. 


65. 


66. 


(a) State ampere’s circuital law. Use this law 
to obtain the expression for the magnetic field 
inside an air cored toroid of average radius ‘r, 
having ‘n’ turns per unit length and carrying 
steady current I. 


(b) An observer to the left of a solenoid 
of N turns each of cross section area ‘A’ 
observes that a steady current I in it flows in 
the clockwise direction. Depict the magnetic 
field lines due to the solenoid specifying its 
polarity and show that it acts as a bar magnet 
of magnetic moment m = NIA. 


A=. 
/ hy 





(Delhi 2015) 


(a) Derive an expression for magnetic field 
inside, along the axis of an air cored solenoid. 
(b) Sketch the magnetic field lines for a 
finite solenoid. How are these field lines 
different from the electric field lines for 
an electric dipole? (4/5, Foreign 2010) 
What does a toroid consist of ? Show that for 
an ideal toroid of closely wound turns, the 
magnetic field (i) inside the toroid is constant, 
and (ii) in the open space inside and exterior 
to the toroid is zero. (3/5, AI 2010C) 





4.9 Force between two Parallel 
Currents, the Ampere 


| VSA | (1 mark) 


67. Using the concept of force between two 
infinitely long parallel current carrying 
conductors, define one ampere of current. 


(AI 2014) 
| SAL | (2 marks) 


68. A square loop of side 20 cm carrying current 
of 1 A is kept near an infinite long straight 
wire carrying a current of 2 A in the same 
plane as shown in the figure. 

2A 
10 cm 1A 
20 cm 


20 cm 
Calculate the magnitude and direction of 
the net force exerted on the loop due to the 
current carrying conductor. (AI 2015C) 


EINE (3 marks) 


69. Two infinitely long straight wires A, and 
A, carrying currents J and 2 I flowing in 
the same directions are kept ‘d distance 
apart. Where should a third straight wire A, 
carrying current 1.5 I be placed between A, 
and A, so that it experiences no net force due 
to A, and A,? Does the net force acting on A; 


depend on the current flowing through it ? 
(Delhi 2019) 


70. Two long straight parallel conductors carry 
steady current J, and J separated by a 
distance d. If the currents are flowing in the 
same direction, show how the magnetic field 
set up in one produces an attractive force on 
the other. Obtain the expression for this force. 
Hence define one ampere. (Delhi 2016) 

71. (a) Two long straight parallel conductors 
‘w and ‘b carrying steady currents I, and 
I, are separated by a distance d. Write the 
magnitude and direction of the magnetic 


field produced by the conductor ‘a’ at the 
~aints-along the conductor ‘p’, If the currents 
iv 


are, flowing in the same direction, what is the 
nature anu atagnitade Tae force between 
the two conductors? 


(b) Show with the help of a diagram how 
the force between the two conductors would 
change when the currents in them flow in the 
opposite directions. (Foreign 2014) 
. A wire AB is carrying a steady current of 12 A 
and is lying on the table. Another wire CD 
carrying 5 A is held directly above AB at a 
height of 1 mm. Find the mass per unit length 
of the wire CD so that it remains suspended at 
its position when left free. Give the direction 
- of the current flowing in CD with respect to 
that in AB. [Take the value of g = 10 m 57] 


(AI 2013) 
(5 marks) 


73. Two long straight parallel conductors carrying 
steady currents J, and J, are separated by a 
distance ‘d’. Explain briefly with the help of a 
suitable diagram, how the magnetic field due 
to one conductor acts on the other. Hence 
deduce the expression for the force acting 
between the two conductors. Mention the 
nature of this force. (3/5, AI 2012) 


74. Two long and parallel straight wires carrying 
currents of 2 A and 5 A in the opposite 
directions are separated by a distance of 1 cm. 
Find the nature and magnitude of the 
magnetic force between them. 

(2/5, Foreign 2011) 


4.10 Torque on Current Loop, 
Magnetic Dipole 


SAL | (2 marks) 


75. A square shaped plane coil of area 100 cm” 
of 200 turns carries a steady current of 5 A. 
If it is placed in a uniform magnetic field of 
0.2 T acting perpendicular to the plane of the 
coil. Calculate the torque on the coil when its 
plane makes an angle of 60° with the direction 
of the field. In which orientation will the coil 
be in stable equilibrium? (AI 2015C) 


76. Circular coil of N turns and radius R carries 
a current I. It is unwound and rewound to 
make another coil of radius R/2. Current / 
remaining the same. Calculate the ratio of the 
magnetic moments of the new coil and the 


original coil. (AI 2012) 


re 


78. 


79. 


A short bar magnet of magnetic moment 

0.9 1/T is placed with its axis at 30° to a 

uniform magnetic field. It experiences a 

torque of 0.063 J. 

(i) Calculate the magnitude of the magnetic 
field. 

(ii) In which orientation will the bar magnet 
be in stable equilibrium in the magnetic 
field? (Foreign 2012) 


Deduce the expression for the magnetic 
dipole moment of an electron orbiting around 
the central nucleus. (AI 2010) 


A square coil of side 10 cm has 20 turns and 
carries a current of 12 A. The coil is suspended 
vertically; the normal to the plane of the coil 
makes an angle of 30° with the direction 
of a uniform horizontal magnetic field. If 
the torque experienced by the coil equal 
0.96 N m, find the magnitude of the magnetic 
field. (Delhi 2010C) 


| SAIL. (3 marks) 


80. An electron of mass m, revolves around a 


81. 


82. 





nucleus of charge +Ze. Show that it behaves 

like a tiny magnetic dipole. Hence prove that 

the magnetic moment associated with it is 

expressed as i= -*_[ where I is the 
2m, 

orbital angular momentum of the electron. 

Give the significance of negative sign. 


(Delhi 2017) 


A closely wound solenoid of 2000 turns and 
cross sectional area 1.6 x 10% m° carrying 
a current of 4.0 A is suspended through its 
centre allowing it to turn in a horizontal plane. 
Find (i) the magnetic moment associated with 
the solenoid, (ii) the torque on the solenoid if 
a horizontal magnetic field of 7.5 x 10° T is 
set up at an angle of 30° with the axis of the 
solenoid. (AI 2015C) 
A rectangular loop of 
wire of size 2.5 cm x 4 cm 
carries a steady current 
of 1 A. A straight wire 
carrying 2 A current is 
kept near the loop as 
shown. If the loop and 
the wire -are.copianar- id the 4) torque 


2.5 cm 


4 cm 


2 cm 


83. 


acting on the loop and (ii) the magnitude and 
direction of the force on the loop due to the 
current carrying wire. (Delhi 2012) 


the magnetic moment 4 
(m)due to a planar l 

tr 

l 
carrying a steady current | 
I in a vector form. In the 
plane near a long straight conductor carrying 
a steady current J, at a distance / as shown. 
experience a net force but no torque. Write the 
expression for this force acting on the loop. 


Write the expression for I, 

square loop of side T 

given figure this loop is placed in a horizontal 

Give reasons to explain that the loop will 
(Delhi 2010) 


(5 marks) 


84. 


85. 


86. 


Derive the expression for the torque on a 
rectangular current carrying loop suspended 
in a uniform magnetic field. (2/5, Delhi 2013) 
A rectangular loop of size l x b carrying 
a steady current I is placed in a uniform 
magnetic field B. Prove that the torque acting 
on the loop is given by t= mx B, where m is 
the magnetic moment of the loop. 

(275, AI 2012) 
(a) Show thata planar loop carrying a current 
I, having N closely wound turns and area of 
cross-section A, possesses a magnetic moment 
m =NI A. 
(b) When this loop is placed in a magnetic 
field B, find out the expression for the torque 
acting on it. (3/5, Foreign 2011) 


4.11 The Moving Coil Galvanometer 





(1 mark) 


87. 


Write the underlying principle of a moving 
coil galvanometer. (Delhi 2016) 


57W (3 marks) 


88. (a) Briefly explain how a galvanometer is 


converted into an ammeter. 


(b) A galvanometer coil has a resistance of 
15 Q and it shows full scale deflection 
for a current of 4 mA. Convert it into an 
ammeter of range 0 to 6 A. (AI 2019) 


_ Moving Charges and Magnetism 








89. (a) Briefly explain how a galvanometer is 
converted into a voltmeter. 
A voltmeter of a certain 


(b) 


range is 
constructed by connecting a resistance of 
980 Q in series with a galvanometer. 
When the resistance of 470 Q is connected 
in series, the range gets halved. Find the 
resistance of the galvanometer (AI 2019) 


aif Pescribe the working principle of a moving 
C 


oil galvanometer. Why is it necessary to use 
(i) a radial magnetic field and (ii) a cylindrical 
soft iron core in a galvanometer? Write the 
expression for current sensitivity of the 
galvanometer. 
Can a galvanometer as such be used for 
measuring the current? Explain. (Delhi 2017) 
91. State the principle 
galvanometer. 
A galvanometer of resistance G is converted 
into a voltmeter to measure upto V volts 
by connecting a resistance R, in series with 
the coil. If a resistance R, is connected in 
series with it, then it can measure upto 
V/2 volts. Find the resistance, in terms of R, 
and R,, required to be connected to convert it 
into a voltmeter that can read upto 2 V. Also 


find the resistance G of the galvanometer in 
(Delhi 2015) 


terms of R, and R3. 
a Why is the magnetic field radial in a 


moving coil galvanometer ? Explain how it is 


of working of a 


achieved. o 
(b) A galvanometer of resistance ‘G’ can be 
converted into a voltmeter of range (0-V) 
volts by connecting a resistance ‘R in series 
with it. How much resistance will be required 


‘ts range from 0 to V/2? 
to change its rang a 


93. (a) Define the current sensitivity of a 

ometer. -3 
a coilareaofa galvanometer is 16x 10 m . 
It consists of 200 turns of a wire and is ina 
magnetic field of 0.2 T. The ua 
constant of the suspension fibre is aa m 
per degree. Assuming the magnetic fie ve 
radiil, calculate the orairum curren ae 
earn be mead by the zetvenometer 


Jate 30° deflection. 
scale can accommodate (AI 2013C) 


94. 


4¥° 


96. 


101 


Draw a labelled diagram of a moving coil 
galvanometer and explain its working. What 
is the function of radial magnetic field inside 
the coil? (Foreign 2012) 
State the underlying principle of working of a 
moving coil galvanometer. Write two reasons 
why a galvanometer can not be used as such to 


‘Measure Current in a given circuit. Name any 


two factors on which the current sensitivity of 
a galvanometer depends. (Delhi 2010) 


A moving coil galvanometer of resistance G, 
gives its full scale deflection when a current Ig 
flows through its coil. It can be converted into 
an ammeter of range (0 to T) (I > Iç) when a 
shunt of resistance S is connected across its 
coil. If this galvanometer is converted into an 
ammeter of range 0 to 2/, find the expression 
for the shunt required in terms of S and G. 
(Delhi 2010C: 


(5 marks) 
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98. 


99. 


(i) With the help of a neat and labelled 
diagram. explain the principle and working 
of a moving coil galvanometer. 

(ii) What is the function of uniform radial 
field and how is it produced? 

(iii) Define current sensitivity of a 
galvanometer. How is current sensitivity 
increased? (Foreign 2016) 


(a) Explain using a labelled diagram, the 
principle and working of a moving coil 
galvanometer. What is the function of (i) 
uniform radial magnetic field, (ii) soft iron 
core? 
(b) Define the terms (i) current sensitivity 
and (ii) voltage sensitivity of a galvanometer. 
Why does increasing the current sensitivity 
not necessarily increase voltage sensitivity? 
(AI 2015) 


(a) Draw a labelled diagram of a moving coil 
galvanometer. Describe briefly its principle 
and working. 

(b) Answer the following : 

(i) Why is it necessary to introduce a 
cylindrical soft iron core inside the coil of a 
galvanometer? E 
(ii) Increasing the current sensitivity of a 
galvanometer may not necessarily increase its 


voltage sensitivity. Explain, giving reason. 
(Al 2014) 
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» Maximum weightage is of Magnetic Properties 
of Materials. 


QUICK RECAP 


© Natural magnet and artificial magnet 


> Natural magnet: A natural magnet is an ore 
of iron (Fe,O,) which 


attracts STalf pieces cfuror, -cobalt and 
uick.| tenvarAs it- . 
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>» Maximum SA | type questions were asked 
from Magnetic Properties of Materials. 


- when suspended freely, comes to rest 
along north-south direction. 

Artificial magnet : Magnet which is prepared 

artifically is known as artifical magnets. e.g. 4 

horseshoe magnet, a bar magnet, magnetic 

needle etc. 
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The Bar Magnet 


0 (2 marks) 


Explain the following: wr WNW 


i) Why do magnetic lines of force form 


continuous closed loops? 

di) Why are the field lines repelled (expelled) 
when a diamagnetic material is placed in 
an external uniform magnetic field? 

(Foreign 2011) 

A small compass needle of magnetic moment 

‘M’ and moment of inertia ‘I’ is free to 

oscillate in a magnetic field ‘B’, It is slightly 

disturbed from its equilibrium position 
and then released. Show that it executes 
simple harmonic motion. Hence, write the 
expression for its time period. ‘ 
(Delhi 2011C) 


| SAIL (3 marks) 


Write the four important properties of the 
magnetic field lines due to a bar magnet. 
(2/3, Delhi 2019) 


A bar magnet of magnetic moment 6 J p 
is aligned at 60° with a uniform external 
magnetic field of 0.44 T. Calculate (a) the 
work done in turning the magnet to align its 
magnetic moment (i) normal to the magnetic 
field, (ii) opposite to the magnetic field, and 


(b) the torque on the magnet in the final 


orientation in case (ii). (2018) 


A small compass nee , 
e to turn about an axis perpendicular 
of uniform magnetic field ‘B. 
The moment of inertia of the needle about the 
axis is ‘I. The needle is slightly disturbed from 
position and then released. Prove 
armonic motion. 


‘m is fre 
to the direction 


its stable 
that it executes simple h 


| £ fs d ) 201: ) 


dle of magnetic moment®&” 
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0.3 Magnetism and Gauss’s Law 


| SAIL | (3 marks) 


6. 


State Gausss law for magnetism. Explain its 
significance. (1/3, Delhi 2019) 


9.4 The Earth's Magnetism 
(1 mark) 


A 


@) 


11. 


12. 


Z 


A 


At a place, the horizontal component of earth's 
magnetic field is B and angle of dip is 60°. 
What is the value of horizontal component of 
the earths magnetic field at equator? 

(Delhi 2017) 


Where on the surface of Earth is the vertical 
component of Earths magnetic field zero? 
(Delhi 2013C) 
The horizontal component of the earth's 
magnetic field at a place is B and angle of dip 
is 60°. What is the value of vertical component 
of earths magnetic field at equator? 
(Delhi 2012) 


A magnetic needle, free to rotate in a vertical 
plane, orients itself vertically at a certain 
place on the Earth. What are the values of (i) 
horizontal component of Earths magnetic 
field and (ii) angle of dip at this place? 
(Foreign 2012) 


Where on the surface of Earth is the angle of 
dip 90°? (AI 2011) 


If the horizontal and vertical components of 
the Earths magnetic field are equal at a certain 
place, what would be the angle of dip at that 
place? (AI 2011C) 


(2 marks) 


A magnetic needle free to rotate in a vertical 
plane parallel to the magnetic meridian has 
its north tip down at 60° with the horizontal. 
The horizontal component of the earth's 
magnetic field at the place, is known to be 
0.4 G. Determine the magnitude of the earth's 
magnetic field at the place. (Delhi 2011) 


(i) Name the three elements of the Earth's 
magnetic field. 


i 
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ii) Where on the surtace of the Earth is the 
vertical component of the Earths magnetic 
" | >.> € . 

held zero? (Foreign 2011) 


LS. The horizontal component, of the earths 
. i | l | 
magnetic field, at a place is —— times its 
V3 
vertical component there. Find the value 
of the angle of dip at that place. What is the 
ratio of the horizontal component to the total 
magnetic held of the earth at that place? 
(AI 2010C) 


(5 marks) KY 


16. A compass needle, free to turn in a vertical Xs 
plane orients itself with its axis vertical at 
a certain place on the earth. Find out the 
values of (i) horizontal component of earths 
magnetic field and (ii) angle of dip at the 
place. (2/5, Delhi 2013) Ab 
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is placed in an external magnetic held, 
Which magnetic property distinguishes this 
behaviour of the field lines due to the two 


substances? (Delhi 2010) 
22. What is the characteristic property of a 
diamagnetic material? (Foreign 2010) 


| SAL | (2 marks) 


$423. Give two points to distinguish between a 


paramagnetic and a diamagnetic substance. 
(Foreign 2014) 


a the behaviour of magnetic field 
lines with (i) a diamagnetic material and 
(ii) a paramagnetic material placed in an 
external magnetic field. Mention briefly the 
properties of these materi ich explain 


this distinguishing behaviour. (AI 2013C) 


(a) How does a diamagnetic material behave 


Eas 
y when it is cooled to very low temperatures? 


greater magnetisation when cooled? Explain. 


5.5 Magnetisation and Magnetic y) Why does a paramagnetic sample display 


Intensity 


sY: Sim (3 marks) 


% 17. An iron ring of relative permeability u, has 
windings of insulated copper wire of n turns 

per metre. When the current in the windings 

is I, find the expression for the magnetic field 

in the ring. (2/3, 2018) 


5.6 Magnetic Properties of 
Materials 


(1 mark) 


18. In what way is the behaviour of a diamagnetic 
material different from that of a paramagnetic, 
when kept in an external magnetic field? 


(Delhi 2012C) 


26. State two characteristic properties 
distinguishing the behaviour of paramagnetic 
and diamagnetic materials. (AI 2012C) 

27. If x stands for the magnetic susceptibility of 
a given material, identify the class of material 
for which 


(i) -1<%<0 
(ii) 0 < x < £ (€ stands for a small positive 
number) (AI 2011) 


yim (3 marks) 


28. Write three points of differences between 
para-, dia- and ferro- magnetic. materials 
giving one example for each. (Delhi 20! 9) 


(AI 2016) 9. The susceptibility of a magnetic material is 


19. Depict the behaviour of magnetic field lines | 


in the presence of a diamagnetic material. 
(Foreign 2016) 


20. Relative permeability of a material u, = 0.5. 
Identify. the nature of the magnetic 
material and write its relation to magnetic 


sus -entini ity. Z (Delhi 2014C) 
21. Draw magnetic feld _ lines when a (i). 
l diamagnetic, (ii) paramagnetic substance 


0.9853. Identify the type of magnetic material. 
Draw the modification of the field pattern 0” 
keeping a piece of this material in a uniform 
magnetic field. (1/3, 2018) 
30. Show diagrammatically the behaviour 
of magnetic field lines in the presence 
of (i) paramagnetic and (ii) diamagnetic 
substances. How does ‘one explain this 
distinguishing feature. (AI 2014) 


gnetism and Matter 


(5 marks) 













. Distinguish between diamagnetic and 
ferromagnetic materials in terms of (i) 
susceptibility and (ii) their behaviour in a 


non-uniform magnetic field. (2/5, AI 2011C) 


.7 Permanent Magnets and 


Electromagnets 
(1 mark) 
. What are permanent magnets’ Give one 
example. (Delhi 2013) 


(i) Write two characteristics of a material 
used ‘or making permanent magnets. 

Wi) Why is core of an electromagnet made of 

7 (Delhi 2010) 


macdjnetic materials? 


127 


SAT | (2 marks) 


34. Write two properties of a material suitable for 
making (a) a permanent magnet, and (b) an 
electromagnet. (AI 2017) 

35. (a) How is an electromagnet different from a 
permanent magnet? 

(b) Write two properties of a material which 
make it suitable for making electromagnets. 


(AI 2014C) 
BNIB (3 marks) 


36. What is the difference 
electromagnet and a permanent magnet? 
How is an electromagnet designed? State 
any two factors on which the strength of an 

; (Delhi 2010C) 


between an 


electromagnet depends. 





6.5 






The Experiments of Faraday and Henry 


Magnetic Flux 
Faraday’s Law of Induction 


Lenz's Law and Conservation of Energy 


Motional Electromotive Force 


6.7 


6.8 
6.9 


Electromagnetic 
Induction 


Energy Consideration : A Quantitative 
Study 


Eddy Currents 


Inductance 


6.10 AC Generator 


Topicwise Analysis of Last 10 Years’ CBSE Board Questions (2019-2010) 


Number of questions 








O © > O { 6.5 


l lopit 
Maximum weightage is of Inductance. 


Maximum VSA type questions were asked from 
Lenz's Law and Canservation of Energy. 
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Maximum SA | and SA H type Questions were 
asked from fductence 


Maximum LA type questions were asked from 


AC Generate 





2 6.4 Faraday’s Law of Induction 


ENN 0 mark) 


ł: On what factors does the magnitude of the 
emf induced in the circuit due to magnetic 
flux depend? (Foreign 2013) 


6.5 Lenz's Law and conservation 
of Energy 


(1 mark) 


2. A long straight current carrying wire passes 

normally through the centre of circular loop. 

If the current through the wire increases, will 
there be an induced emf in the loop? Justify. 

(Delhi 2017) 


Predict the polarity of the capacitor in the 


yf 


situation described below: 


ane on 
—> 
(AI 2017) 


4. A bar magnet is moved in the direction 
indicated by the arrow between two coils PQ 
and CD. Predict the direction of the induced 


current in each coil. 
= ES D 


(AI 2017) 
pr What is the direction of induced currents in 


metal rings 1 and 2 when current I in the wire 
is increasing steadily ? 


Ol 
O2 (AI 2017) 


6. A horizontal conducting rod 10 m long 
extending from east to west is falling with a 





7 


x 


spg” 
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Previous Years’ CBSE Board Questions P: 





speed 5.0 ms 'at right angles to the horizonta] 
component of the Earths magnetic field, 
0.3 x 10*.Wb m^. 
value of the emf induced in the rod. 

(2/5, AI 2017) 


Find the instantaneous 


Figure shows a current carrying solenoid 


moving towards a conducting loop. Find the 
direction of the current induced in the loop, 


| (Delhi 2015C) 
The electric current flowing in a wire in the 
direction from B to A is decreasing. Find out 


the direction of the induced current in the 
metallic loop kept above the wire as shown. 


A : 
n (AI 2014) 


A flexible wire of x x x x xX X X 
irregular shape, | 


X X 
abcd, as shown in | : 
the figure, turns 
. . x à 
into a circular 

X X 





shape when placed 
in a region of ` 
magnetic field which is directed normal to 
the plane of the loop away from the reader. 
Predict the direction of the induced current 
in the wire. (Foreign 2014) 


> Predict the direction of induced current in 


metal rings 1 and 2 when current / in the wire 
is steadily decreasing ? 


Q 
I 2) 





(Delhi 2012) 


. A bar magnet is moved in the directio” 


indicated by the arrow between two coils PQ 
and CD. Predict the directions of induced 
current in each coil. 


Electromagnetic Induction 


p / i C D 
Y) N S 

= ; - 

O 

| (AI 2012) 
@)12. Theclosedloop(PQRS) x x x x x x 
4 of wire is moved into a p Q 
©% uniform magnetic field ~*~ * | 
= at right angles to the x x x x x x 


< plane of the paper as 
shown in the figure. Predict the direction of 
the induced current in the loop. 
(Foreign 2012) 
13. State Lenz's law. (AI 2012C) 


14. Two bar magnets are quickly moved towards 
a metallic loop connected across a capacitor 
‘Cas shown in the figure. Predict the polarity 
of the capacitor. 


(AI 2011) 


15. Two loops of different shapes are moved jin 
a region of uniform magnetic field in the 
directions marked by arrows as shown in the 
figure. What is the direction of the induced 
current in each loop? 


x x x x x 
x x x x x 
c § 
—<-* x x Ky 
b È 
x x x X X 
B (Foreign 2010) 


16. In the given figure, a bar magnet is quickly 


moved towards a conducting loop having a 
capacitor. Predict the polarity of the plates A 


and B of the capacitor. 





(AI 2010C) 


(2 marks) 
y current is induced in coil C, due to the 


motion of current carrying coil C2. (a) Write 
any two ways by which a large deflection can 
be obtained in the galvanometer G. (b) Suggest 
an alternative device to demonstrate the 
induced current in place of a galvanometer. 
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(Delhi 2011) 


| SAIL | (3 marks) 


18. State Lenzs law. Using this law indicate the 
direction of the current in a closed loop when 
a bar magnet with north pole in brought close 
to it. Explain briefly how the direction of 
the current predicted wrongly results in the 
violation of the law of conservation of energy. 


(AI 2011C) 
(5 marks) 


19. State Lenz's law. Use it to predict the polarity 
of the capacitor in the situation given below : 


fT : 
( j 
(2/5, AI 2015C) 


20. Describe a simple experiment (or activity) 
to show that the polarity of emf induced in 
a coil is always such that it tends to produce 
a current which opposes the change of 
magnetic flux that produces it. 


X (2/5, Delhi 2014) 
k State Lenz's law. Give one example to illustrate 


this law. “The Lenz’s law is a consequence 
of the principle of conservation of energy”. | 
Justify this statement. (3/5, AI 2014) 


6.6 Motional Electromotive Force 
(2 marks) 


State Lenzs law. A metallic rod held 
horizontally along east-west direction, is 
allowed to fall. under gravity. Will there be an 
emf induced at its ends? Justify your answer. 

(Delhi 2013) 


23. A wheel with 8 metallic spokes each 50 cm 
long is rotated with a speed of 120 rev/min in 
a plane normal to the horizontal component 
of the Earths magnetic field. The Earth's 
magnetic field at the place is 0.4 G and the 
angle of dip is 60°. Calculate the emf induced 
between the axle and the rim of the wheel. 
How will the value of emf be affected if the 
number of spokes were increased? (AI 2013) 


“7 
Me | $9 


` 
f 


i 
X 


Y 
"SS 


A metallic rod of L length is rotated with 
angular frequency of w with one end 
binged at the centre and the other end at the 
circumference of a circular metallic ring of 


radius L, about an axis passing through the 
centre and perpendicular to the plane of the 
ring. A constant and uniform magnetic field 
B parallel to the axis is present everywhere. 
Deduce the expression for the emf between 
the centre and the metallic ring. 

(Delhi 2012) 


A rectangular loop, and a circular loop 
having the same area, are moved out of a 
uniform magnetic field region, to a field free 
region, with a constant velocity v . Would the 
induced emf remain constant in the two loops 
as they move out of the field region? Justify 
your answer. 


E AXR AA M A 


y wre xe xe xe xXxXyXxX =O xXAXKAKARK;AKREAAA OM 


(Delhi 2010C) 


7. 81m (3 marks) 


26. 


ZT. 


x 


( 


x 


A metallic rod of length T is rotated with a 
frequency v with one end hinged at the centre 
and the other end at the circumference of a 
circular metallic ring of radius r, about an axis 
passing through the centre and perpendicular 
to the plane of the ring. A constant uniform 
magnetic field B parallel to the axis is present 
everywhere. Using Lorentz force, explain how 
emf is induced between the centre and the 
metallic ring and hence obtain the expression 
for it. (AI 2017C, Delhi 2013) 


A rectangular loop and a circular loop are 
moving out of a uniform magnetic field 
region with a constant velocity Vv as shown 
in the figure. In which loop do you expect 
the induced emf to be constant during the 
passage out of the field region? ‘The field is 
normal to the loops. 


x x x xX X x xX *K K K X 
ye ih Na RX x 
OSA ay as ANA = NE x x Y 
E x ee A ET ex 

(AI 2011C) 





x 
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29. 


4 
7 


usas CKSt unampion PnNysics Ulass 12 


(5 marks) 
An aeroplane is flying horizontally 
from west to east with a velocity of 
900 km/hour. Calculate the potential 


difference developed between the ends of its 
wings having a span of 20 m. The horizontal 
component of the Earths magnetic field is 
5 x 10 *T and the angle of dip is 30°. 

(2/5, 2018) 
State Faraday's electromagnetic 
induction. Figure a rectangular 
conductor PQRS in which the conductor 
PQ is free to move in a uniform magnetic 
field B perpendicular to the plane of the 
paper. The field extends from x = 0 to x = b 
and is zero for x > b. Assume that only the 
arm PQ possesses resistance r. When the 


law of 


shows 


rm PQ is pulled outward from x = 0 to 
x= 2b and is then moved backward to x = 0 


with constant speed v, obtain the expressions 


ye the flux and the induced emf. Sketch the 


y 


y 


~X 


variations of these quantities with distance 
O<x<2b. 
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eee ii 
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e © o oè > s 
x= 0 x=b x= 2b 
(AI 2010) 


6.7 Energy Consideration : 





30. 


A Quantitative Study 


(2 marks) 


A rectangular loop PQMN with movable 
arm PQ of length 10 cm and resistance 2 
Q is placed in a uniform magnetic field of 
0.1 T acting perpendicular to the plane of the : 
loop as is shown in the figure. The resistances á 
of the arms MN, NP and MQ are negligible. _ 
Calculate the (i) emf induced in the arm’PQ d 
and (ii) current induced in the loop when ; 
arm PQ is moved with velocity 20 m/s. 





ectromagnetic Induction 










XN” x X X X 





(Delhi 2014C) 

1. A rectangular conductor LMNO is placed in 

a uniform magnetic field of 0.5 T The field 

is directed perpendicular to the plane of the 

conductor. When the arm MN of length of 

20 cm is moved towards left with a velocity of 

10 ms", calculate the emf induced in the 

arm. Given the resistance of the arm to be 

5 £2 (assuming that other arms are of negligible 

resistance) find the value of the current in 
the arm. 


xX xX 
M 

xP x 
x] xX 
XIX 
xl, x 
N 

x xX 





(AI 2013) 


(3 marks) 
32. The figure shows a rectangular conducting 
frame MNOP of resistance R placed partly in 


a perpendicular magnetic field B and moved 
with velocity ¥ as shown in the figure. Obtain 


the expression for the 





x x x 
x x 
x x x 
x 
XxX x x x | 
(a) force acting on the arm ‘ON’ and its 
(b) cuenta’ to move the "i to get 
a steady emf induced between the arms 
MN and PO. (AI 2019) 


33. A metallic rod of length 7 is rotated with 


ne end 
a union angilar. soced w, with O 


! and the oti t the 
hiaged at the centre and the pe ane hs r 
circumference of a circw.et” meta g 


radius R = |, about an axis pa 


y 


ssing through the 








ye 


A 


eh 
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centre and perpendicular to the plane of the 
ring. A constant and uniform magnetic field 
B parallel to the axis is present everywhere. 
Deduce the expression for the emf induced in 
the rod. If r is the resistance of the rod and the 
metallic ring has negligible resistance, obtain 
the expression for the power generated. 

(AI 2013C) 


(5 marks) 


jet plane is travelling towards west at a 
speed of 1800 km/h. 
(i) Estimate voltage difference developed 
between the ends of the wing having 
a span of 25 m if the earths magnetic 
field at the location has a magnitude of 
5 x 10" T and dip angle is 30°. 
How will the voltage developed be 
affected if the jet changes its direction 
from west to north? (3/5, AI 2015C) 
A square loop of side 20 cm is initially kept 
30 cm away from a region of uniform magnetic 
field of 0.1 T as shown in the figure. It is then 
moved towards the right with a velocity of 
10cm s™' till it goes out of the field. 
Plot a graph showing the variation of 
(i) magnetic flux () through the loop with 
time (f). 
(ii) induced emf (€) in the loop with time t. 
(iii) induced current in the loop if it has 
resistance of 0.1 Q. 


(ii) 


B® 


X—X—xX—x — xX 


x — X — X — X — X 


10 cm/s | | [H 
—— X — X — KK XX 

30cm | 

Aj XK — KK X — XK — X 


20 cm 
<- > 


4 ae a oe a ees Oe 
—— 80 cm — 


(3/5, AI 2015C) 


EPA metallic rod of length / and resistance R | 


sA 


x 


is rotated with a frequency v, with one end 
hinged at the centre and the other end at the 
circumference of a circular metallic ring of 
radius l, about an axis passing through the 
centre and perpendicular to the plane of the 
ring. A constant and uniform magnetic field 
B parallel to the axis is present everywhere. 

(a) Derive the expression for the induced 

emf and the current in the rod. 
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(b) Due to the presence of the current in 
the rod and of the magnetic field, find 
the expression for the magnitude and 
direction of the force acting on this rod. 

(c) Hence obtain the expression for the 
power required to rotate the rod. 

(Al 2014C) 


6.8 Eddy Currents 
(1 mark) 


37. Give one example of use of eddy currents. 
(Foreign 2014) 


38. A metallic piece gets hot when surrounded 
by a coil carrying high frequency alternating 
current. Why? (Delhi 2014C) 


(2 marks) 


39. What are eddy currents? Write any two 
applications of eddy currents. (AI 2011) 


(5 marks) 


40. What are eddy currents ? How are they 
produced? Describe briefly three main useful 
applications of eddy currents. (Foreign 2015) 


6.9 Inductance 


(1 mark) 


41. Define the term ‘self-inductance of a coil. 
Write its S.I. unit. (AI 2015) 


‘a How does the mutual inductance of a pair of 
coils change when 
(i) distance between the coils is increased 
and 
(ii) number of turns in the coils is increased? 
(AI 2013) 


A plot of magnetic flux (p) versus current (J) 
is shown in the figure for two inductors A and 
B. Which of the two has larger value of self 
inductance? 


ty 





H (Delhi 2010) 
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(2 marks) 


ye Starting from the expression for the energy 


l 3 
Y W = 5 Lr, 


inductance L to build up the current I, obtain 


stored in a solenoid of self. 


the expression for the magnetic energy in 
terms of the magnetic field B, area A and 
length l of the solenoid having n number of 
turns per unit length. Hence, show that the 
energy density is given by B*/2u. 
(Delhi 2013C) 
45. (i) Define mutual inductance between two 
long coaxial solenoids. 


(ii) Find out the expression for the mutual 
inductance of inner solenoid of length | 
having the radius r, and the number of turns 
n, per unit length due to the second outer 
solenoid of same length and n, number of 
turns per unit length. 

(Delhi 2012) 


46. Current in a circuit falls steadily from 5.0 A 
to 0.0 A in 100 ms. If an average e.m.f. of 
200 V is induced, calculate the self-inductance 
of the circuit. (Foreign 2011) 


47. Two concentric circular coils C) and C, 
radius r, and r, (r; << r,) respectively are kept 
co-axially. If current is passed through 
C,, then, find an expression for mutual 
inductance between the two coils. (AI 2011C) 


48. Two identical loops, one of copper and the 
other of aluminium, are rotated with the 
same angular speed in the same magnetic 
field. Compare (i) the induced emf and (ii) 
the current produced in the two coils. Justify 
your answer. (AI 2010) 


49. Two long co-axial solenoids of the same length 
but different radii and different number of 
turns are wound one over the other. Deduce 
the expression for the mutual inductance of 
this arrangement. (Foreign 2010) 


7AN (3 marks) 


50. (a) Define the term ‘self-inductance’ and 
write its S.I. unit. 

(b) Obtain the expression for the mutual 

inductance of two long co-axial solenoids 

S, and S, wound one over the other, each 
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of length L and radii r, and r and n, 

and n, number of turns per unit length, 

when a current I is set up in the- outer 

solenoid S,. (Delhi 2017) 

51. Define mutual inductance between a pair of 

coils. Derive an expression for the mutual 

inductance of two long coaxial solenoids of 
same length wound one over the other. 


(AI 2017) 
52. Define self-inductance of a coil. Obtain 


the expression for the energy stored in an 
inductor L connected across a source of emf. 


(AI 2017) 
53. (i) Define mutual inductance. 
li) A pair of adjacent coils has a mutual 
Kinder of 1.5 H. If the current in one coil 
changes from 0 to 20 A in 0.5 s, what is the 
change of flux linkage with the other coil 2 
(Delhi 2016) 


54. (i) Define self-inductance. Write its SI unit. 
(ii) A long solenoid with 15 turns per cm 
has a small loop of area 2.0 cm? placed 
inside the solenoid normal to its axis. 
If the current carried by the solenoid 
changes steadily from 2.0 to 4.0 A 
in 0.1 s, what is the induced emf in the loop 
while the current is changing? (Foreign 2016) 


55. Define the term ‘mutual inductance’ between 
the two coils. Obtain the expression for 
mutual inductance of a pair of long coaxial 
solenoids each of length / and radii r, and r, 
(ra >> r,). Total number of turns in the two 
solenoids are N, and N, respectively. 

(AI 2014) 

56. Define the term self-inductance of a solenoid. 
Obtain the expression for the magnetic energy 
stored in an inductor of self-inductance L to 
build up a current I through it. (AI 2014) 


57. The currents flowing in the two coils of self- 
inductance L} = 16 mH and L, = 12 mH 
are increasing at the same rate. If the power 
supplied to the two coils are equal, find the 
ratio of (i) induced voltages, (ii) the ae 
and (iii) the energies stored in > et me f D 


a coil. Write its SI 


en itstirat. 
Deine self-iidactaace o-a 


~ 


unit. 
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Derive the expression for self-inductance of 
a long solenoid of cross-sectional area ‘A’ 
length ‘T having ‘n’ turns per unit length. 


(AI 2012C) 
(5 marks) 


59. (a) Explain the meaning of the term mutual 
inductance. Consider two concentric circular 
coils, one of radius r, and the other of radius 
(ri < r) placed coaxially with centres 
coinciding with each other. Obtain the 
expression for the mutual inductance of the 
arrangement. 

(b) A rectangular coil of area A, having 
number of turns N is rotated at ‘f’ revolutions 
per second in a uniform magnetic field B, the 
field being perpendicular to the coil. Prove 
that the maximum emf induced in the coil is 


2nf NBA. (AI 2016) 
60. (a) Define mutual inductance and write its 
S.I. units. 


(b) Derive an expression for the mutual 
inductance of two long co-axial solenoids of 

same length wound one over the other. 
vA In an experiment, two coils C, and Cs 
are placed close to each other. Find out the 
expression for emf induced in the coil C, due 
to a change in the current through the coil on 
(Delhi 2015) 


61. Define mutual inductance of a pair of coils 
and write on which factors does it depend. 
(2/5, AI 2015C) 


62. ‘The current flowing through an inductor of 
self inductance L is continuously increasing. 
Plot a graph showing the variation of 
(i) Magnetic flux versus the current 
(ii) Induced emf versus dI/dt 
(iii) Magnetic potential energy stored versus 

the current. (Delhi 2014) 


63. Deduce an expression for the mutual 
inductance of two long coaxial solenoids but 
having different radii and different number of 
turns. (3/5, AI 2014) 


64. (a) Define the term ‘mutual inductance’ 
Deduce the expression for the mutual 
inductance of two long coaxial solenoids 
having different radii and different number of 
turns. 
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(b) A coil is mechanically rotated with 
constant angular speed w in a uniform 
magnetic field which is perpendicular to the 
axis of rotation of the coil. The plane of the 
coil is initially held perpendicular to the field. 
Plot a graph showing variation of (i) magnetic 
flux @ and (ii) the induced emf in the coil as a 
function of wt. (Foreign 2013) 


65. (a) Derive the expression for the mutual 
inductance of two long coaxial solenoids of 
same length / having radii r} and r, (r, > r). 
(b) Show that mutual inductance of solenoid 
| due to solenoid 2, M,,, is the same as that of 
2 due to 1 ie, My. (Foreign 2011) 


6.10 AC Generator 
| SAIL | (3 marks) 


66. Draw a labelled diagram of an a.c. generator. 
Explain briefly its principle and working. 
(AI 2012C) 


(5 marks) 


67. (a) Draw a schematic diagram for an! ac 
generator. Explain its working and obtain the 
expression for the instantaneous value of the 
emf in terms of the magnetic field B, number 
of turns N of the coil of area A rotating with 
angular frequency œ. Show how an alternating 
emf is generated by a loop of wire rotating ina 
magnetic field. 

(b) A circular coil of radius 10 cm and 

20 turns is rotated about its vertical diameter 

with angular speed of 50 rad s`! in a uniform 

horizontal magnetic field of 3.0 x 10°? T. 

(i) Calculate the maximum and average emf 
induced in the coil. 

(ii) If the coil forms a closed loop of resistance 
10 Q, calculate the maximum current in 
the coil and the average power loss due to 
Joule heating. (AI 2019) 


68. State the principle of an ac generator and 
explain its working with the help of a labelled 
diagrein. Otteir the -expression for the emf 
incuced irə coil havirg N turns each of cross- 
sectional area A, rotating with a constant 


69. 


70. 


7h 


Adi 


vie 
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angular speed ‘œ’ in a magnetic field BR 


directed perpendicular to the axis of rotation, 
(3/5, 2018) 


(a) Draw a labelled diagram of ac 
generator. Derive the expression for the 
instantaneous value of the emf induced 
in the coil. 

(b) A circular coil of cross-sectional areg 
200 cm? and 20 turns is rotated about 
the vertical diameter with angular speed 
of 50 rad s`™' in a uniform magnetic field 
of magnitude 3.0 x 10°* T. Calculate the 
maximum value of the current in the coil. 

(Delhi 2017) 


Draw a labelled diagram of an ac generator. 
Obtain the expression for the emf induced 
in the rotating coil for N turns each of cross- 
sectional area A, in the presence of a magnetic 


field B. (3/5, AI 2017) 


(a) Draw a schematic sketch of an ac 
generator describing its basic elements. State 
briefly its working principle. Show a plot of 
variation of 

(i) Magnetic flux and 

(ii) Alternating emf versus time generated by 


sf: a loop of wire rotating in a magnetic field. 
) 


Why is choke coil needed in the use of 
fluorescent tubes with ac mains? 
(Delhi 2014) 


(a) Draw a labelled diagram of a.c. generator 
and state its working principle. 
(b) How is magnetic flux linked with the 
armature coil changed in a generator? 
(c) Derive the expression for maximum 
value of the induced emf and state the rule 
that gives the direction of the induced emf. 
(d) Show the variation of the emf generated 
versus time as the armature is rotated with 
respect to the direction of the magnetic field. 
(Delhi 2014C) 


(a) State the principle on which AC generator 
works. Draw a labelled diagram and explain 
its working. 

(b) A conducting rod held horizontally along 
East-West direction is dropped from rest 
from a certain height near the Earth’s surface. 





Electromagnetic Induction 


Why should there be an induced emf across 
the ends of the rod ? 

Draw a plot showing the instantaneous 
variation of emf as a function of time from 
the instant it begins to fall. (Foreign 2012) 


74. (a) State the working of a.c. generator with 
the help of a labelled diagram. 
(b) The coil of an‘a.c. generator having N 
turns, each of area A, is rotated with a constant 
angular velocity w. Deduce the expression for 
the alternatino e m f. generated in the coil. 
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(c) What is the source of energy grsierstion 
in this device ? ‘47 2011) 


75. (a) Describe briefly, with the heip of a 


labelled diagram, the basic elemeaòs wf an 

A.C. generator. State its underlying principle. 

(b) Show diagrammatically how an alternating 
emf is generated by a loop of wire rotating in 
a magnetic field. Write the expressiorfer the 
instantaneous value of the emf indu, An the 
rotating loop. (Dethi 2010) 
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ae TY a 





7.2 AC Voltage Applied to a Resistor 7.6 AC Voltage Applied to a Series LCR Circuit 

7.3 Representation of AC Current and 7.7 Power in AC Circuit: The Power Factor 
Voltage by Rotating Vectors-Phasors 78 LC Oscillations 

7.4 AC Voltage Applied to an Inductor 79 Transformers 


7.5 AC Voltage Applied to a Capacitor 


Topicwise Analysis of Last 10 Years’ CBSE Board Questions (2019-2010) 








i fe 
Y) 
= Y | 
Z ° Y 
E j 
z A | 
5 4 f 
E Yj 
y 
Z i Zan | 
/ 
| 
7.6 





Topic ——> 





»» Maximum weightage is of AC Voltage Applied > Maximum SAI type questions were asked from 
to a Series LCR Circuit. AC Voltage Applied to a Series LCR Circuit. 


» Maximum VSA type questions were asked b> 
from Power in AC Circuit : The power factor 


QUICK RECAP 


. e e 

i is that current represented by a sine curve or a cosine curv 
I=I,sinwt or I= I cos wt 

Here, J, is peak value of current and is know? 







Maximum LA type questions were asked from 
Transformers. 






Alterra(ing CAIET: 


nges continuously in magnitude 


whic? Ché j 
direction. It can be 


and periodically in 
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Previous Years’ CBSE Board Questions 









An ac voltage, V = Vo sin wt, is applied acrogg 


œ AC Voltage Applied to a ©. 

pe , a pure inductor L. Obtain an expression for 
Resistor the current J in the circuit and hence obtain 

(1 mark) the 

(i) inductive reactance of the circuit, and 

(ii) the ‘phase, of the current flowing, with 


respect to the applied voltage. (AI 2010C) 


(5 marks) 


7. Show that in an ac circuit containing a pure 


al x e peak value of emf in ac is E). Write its 
< a A) rms (ii) average value over a complete cycle. 
x (Foreign 2011) 
2. Define the term ‘rms value of the current’ 
How is it related to the peak value? 


pt EO inductor, the voltage is ahead of current by 
(2 marks) T2 in phase. (2/5, Al 2011) 
3. An alternating voltage given by 7.5 AC Voltage Applied to a 


V = 140 sin314t is connected across a pure 
resistor of 50 Q. Find 
(i) the frequency of the source. 
(ii) the rms current through the resistor. 
(AI 2012) ® 


7.4 AC Voltage Applied to an 4, 
Inductor 


(1 mark io. 


4. When an ac source is connected across an 
inductor, show on a graph the nature of 
variation of the voltage and the current over 

(Delhi 2012C) 


Capacitor 


(1 mark) 


Define capacitive reactance. Write its S.I. 
(Delhi 2015) 


Plot a graph showing variation of capacitive 


units. 


reactance with the change in the frequency of 


the ac source. (AI 2015C) 


A reactive element, in an a.c. circuit, causes 
the current flowing (i) to lead in phase by 1/2, 
(ii) to lag in phase by 7/2 with respect to the 
applied voltage. Identify the element in each 
case. (Delhi 2010C) 


BE (2 marks) 


one complete cycle. 


SAIL, (3 marks) 





nh 


(i) When an AC source is connected to an 
ideal inductor show that the average power 
supplied by the source over a complete cycle 
is Zero. 


(ii) A lamp is connected in series with an 
inductor and an AC source. What happens 
to the brightness of the lamp when the key is 
plugged in and an iron rod is inserted inside 
the inductor? Explain. 


L lam 


(AI 2016) 


y 


11. Show that the current leads the voltage in 
phase by 7/2 in an ac circuit containing an 
ideal capacitor. (Foreign 2014) 


A lamp is connected in series with 2 
capacitor. Predict your observation when 
this combination is connected in turn across 
(i) ac source and (ii) a dc battery. Wha! 
change would you notice in each case if the 


capacitance of the capacitor is increased’ 
(Delhi 20120) | 


13. An electric lamp having coil of negligible 
inductance connected in series with ? 
capacitor and an ac source is glowing with 
certain brightness. How does the brightness 
of the lamp change on reducing the 


ting Current 






_ (i) capacitance, and (ii) the frequency? Justify 
your answer, 


C Lam p f 


Source 


(Delhi 2010) 
| <SA Il (3 marks) 


44. A lamp is connected in series with a Capacitor, 
u — Predict your observations when the system 
<- © is connected first across a dc and then an 
ac source. What happens in each case if the 
capacitance of the capacitor is reduced? 
(Delhi 2013C) 

15. The graphs (i) and (ii) shown in the figure 
represent variation of opposition offered by 
the circuit elements, X and Y, respectively 
to the flow of alternating current vs the 


frequency of the applied emf. Identity the 
elements X and Y. 


Ei aa 
>B- 
aa es 
Fhe 
os 
os 
© 
q+ 
O Frequency 
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A 
Er aa 
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DD ea 
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O Frequency 
(ii) 
(2/3, AI 2012C) 


(5 marks) 


16. A device X is connected across an ac source of 
voltage V = Vosinwt. The current through X is 


| T 
given as 1 = lọ sin( o + 3 } 


(a) Identify the device X and write the 
expression for its reactance. : 

(b) Draw graphs showing va 
and current with time over one 
for X. 


riation of voltage 
cycle of ac, 
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(c) How does the reactance of the device 
X vary with frequency of the ac? Show this 
variation graphically. 

(d) Draw the phasor diagram for the 
device X, (2018) 


17. A device ‘X’ is connected to an ac source 
V = Vo sin wt. The variation of voltage, 


current and power in one cycle is shown in 
the following graph: 





(a) Identify the device ‘x’. 

(b) Which of the curves A, B and C represent 
the voltage, current and the power 
consumed in the circuit? Justify your 
answer. 

(c) How does its impedance vary with 
frequency of the ac source? Show 
graphically. 

(d) Obtain an expression for the current in’ 
the circuit and its phase relation with ac 
voltage. (AI 2017) 


7.6 AC Voltage Applied to a 
Series LCR Circuit 


(2 marks) 


18. A capacitor ‘C, a variable resistor ‘R’ and 
a bulb ‘B’ are connected in series to the ac 
mains in circuit as shown. The bulb glows 
with some brightness. 


R B 
C 


Mains 
How will the glow of the bulb change if (i) 
a dielectric slab is introduced between the., 
plates of the capacitor, keeping resistance R to 
be the same; (ii) the resistance R is increased 
keeping the same capacitance? (Delhi 2014) 
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19. The figure showsa series LCR circuit connected 








to a variable frequency 200 V source with 
L = 50 mH, C = 80 uF and R = 40 Q. 
Determine 

(i) the source frequency which derives the 
circuit in resonance; 

(ii) the quality factor (Q) of the circuit. 





(AI 2014C) 


. A series LCR circuit is connected to an ac 


source (200 V, 50 Hz). The voltages across 
the resistor, capacitor and inductor are 
respectively 200 V, 250 V and 250 V. 


) ae an iron rod is inserted in the inductor 


29, 


agt 
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(i) number of turn in the inductor is reduced 


and (iii) a capacitor of reactance Xe = X, is 
inserted in series in the circuit. Justify your 
answer in each case. (Delhi 2015) 
Determine the value of phase difference 
between the current and the voltage in the 
given series LCR circuit. 

R= 400 Q 


‘= Vosin(1000t + ) C= 2 uF 


L = 100 mH 
(2/3, Al 2015) 


i -26. A source of ac voltage V = Vo sinwt is 
y va “ee Sura G a ay a "sibs connected to a series combination of a resistor 
the three elements is greater than the voltage ‘R? and a capacitor ‘C. Draw the phasor 
_ ae -n ci p mew niea diagram and use it to obtain the expression 
reeel ai for (i) impedance of the circuit and (ii) phase 
» CAIL £ Q ‘ x 
(Foreign 2013) angle. (AI 2015C) 
— ; 27. In a series LCR circuit connected to an ac 
21. Calculate the quality factor of a series LCR . - 
circuit with L= 2.0 H, C=2 uF and R=10Q source of variable frequency and voltage 
Mention the significance of quality factor in V = V m sinwt, draw be plot showing the 
LON circuit (Foreign 2012) variation of current (7) with angular frequency 
622. Write the expression for the impedance (w) for two different values of resistance R, 
; cast and R (R, > R;). Write the condition under 
offered by the series combination of resistor, AR, 2) 
inductor and capacitor connected to an ac which the phenomenon of resonance occurs. 
source of voltage V = Vy sin wt For which value of the resistance out of the 
=V, 3 
Show on a graph the variation of the voltage two curves, a sharper resonance is produced! 
and the ak ‘wr in the circuit i Define Q-factor of the circuit and give its 
n (Al 2012C) significance. (Delhi 2013) 
28. The figure shows a series LCR circuit with 
STAI (3 marks) L = 10.0 H, C = 40 uF, R = 60 Q connected to 
23. Find the value of the phase difference between = variable frequency 240 V source, calculate 
the current and the voltage in the series LCR (i) | the angular frequency of the source 
circuit shown below. Which one leads in which drives the circuit at resonance, 
phase: current or voltage? (ii) the current at the resonating frequency; 
L=100mH C=2uF R=400Q (iii) the rms potential drop across the inductor 
at resonance. 
R 
V= Vo sin(1000t + ġ) i C 
(2/3, Delhi 2017) 12) 
. . lhi 2012 
4. An inductor L of inductive reactance X, is (De 
connected in series with a bulb B and an ac 29. A series LCR circuit is connected to an a¢ 





source. How would brightness of the bulb 


change when 


source. Using the phasor diagram, derive the 
expression for the impedance of the circuit. 


Alternating Current 


30. 


Plot a graph to show the variation of current 
with frequency of the source, explaining the 
nature of its variation. (AI 2012) 


A 100 uF capacitor in series with a 40 Q. 


resistance is connected to a 100 V, 60 Hz 
supply. Calculate (i) the reactance, (ii) the 
impedance and (iii) maximum current in the 
circuit. (AI 2011C) 


| DLA | (5 marks) 


21 
Co 


. (a) In a series LCR circuit connected across 


an ac source of variable frequency, obtain 
the expression for its impedance and 
draw a plot showing its variation with 
frequency of the ac source. 


What is the phase difference between the 
voltages across inductor and the capacitor 
at resonance in the LCR circuit ? 


When an inductor is connected to a 
200 V dc voltage, a current of 1 A flows 
through it. When the same inductor is 
connected to a 200 V, 50 Hz ac source, 
only 0.5 A current flows. Explain, why ? 


Also, calculate the self inductance of the - 





inductor. (Delhi 2019) 
32. (a) What do you understand by ‘sharpness of 

resonance for a series LCR resonant 

circuit ? 

How is it related with 

the quality factor Q’ | 

of the circuit? Using * 

the graphs given in 

the diagram, explain = 

the factors which = Oy Ge 

affect it. For which graph is the resistance 

(R) minimum? 

(b) A 2 uF capacitor, 100 82 resistor and 


33. An ac source of voltage V = 


8 H inductor are connected in series with 
an ac source. (Find t the frequency of the qe 
source for which the current drawn in the 
circuit is maximum. If the peak value of 
emf of the source is 200 V, calculate the 

(i) maximum current and, (ii) inductive 
and capacitive reactance of the circuit at 
resonance. (Al 2019) 
Və sinwt is 


connected to a series combination of L, ( 


34. 


3S, 


36. 
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and R. Use the phasor diagram to obtain 
expressions for impedance of the circuit and 
phase angle between voltage and current. 
Find the condition when current will be in 
phase with the voltage. What is the circuit in 
this condition called ? (3/5, Delhi 2016) 


A 2 uF capacitor, 100 Q resistor and 8 H 
inductor are connected in series with an ac 
source 


(i) What should be the frequency of the 
source such that current drawn in the circuit 
is maximum? What is this frequency called? 


(ii) If the peak value of emf of the source is 
200 V, find the maximum current. 

(iii) Draw a graph showing variation of 
amplitude of circuit current with changing 
frequency of applied voltage in a series LC.? 


circuit for two different values of resistance R, 
and R, (R, > R3). 


(iv) Define the term ‘Sharpness of Resonance.. 
Under what condition, does a circuit become 
more selective? (Foreign 2016) 


(a) A series LCR circuit is connected to an ac 
source of variable frequency. Draw a suitable 
phasor diagram to deduce the expressions for 
the amplitude of the current and phase angle. 


(b) Obtain the condition of resonance. Draw 
a plot showing the variation of current with 
the frequency of a.c. source for two resistances 
R, and R, (R, > R,). Hence define the quality 
factor, Q and write its role in the tuning of the 
circuit. (Delhi 2014C) 
(a) Using phasor diagram for a series LCR 
circuit connected to an ac source of voltage 
V = Vy sin wt, derive the relation for the 
current flowing in the circuit and the phase 
angle between the voltage across the resistor 
and the net voltage in the circuit. 

(b) Draw a plot showing the variation of the 
current J as a function of angular frequency 
‘w` of the applied ac source for the two cases 
of a series combination of (i) inductance Ly, 
capacitance C, and and resistance R, and 
(ii) inductance L,, capacitance C, and resistance 
R, where R, > R,. Write the relation between 
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38. 


J9, 


. (a) An ac source of voltage V = 


L,, C, and L,, C, at resonance. Which one, of 


the two, would be better suited for fine tuning 
in a receiver set? Give reason, 

(Foreign 2013) 
Vo sin at is 
connected across a series combination of an 
inductor, a capacitor and a resistor. Use the 
phasor diagram to obtain the expression for 
(i) impedance of the circuit and (ii) phase 
angle between the voltage and the current. 
(b) A capacitor of unknown capacitance, 


a resistor of 100 Q and an inductor of self 


inductance L = (4/n°) henry are in series 
connected to an ac source of 200 V and 50 Hz, 
Calculate the value of the capacitance and 
the current that flows in the circuit when the 


current is in phase with the voltage. 
(AI 2013C) 


Derive an expression for the impedance of a 
series LCR circuit connected to an ac supply 
of variable frequency. 

Plot a graph showing variation of current 
with the frequency of the applied voltage. 


Explain briefly how the phenomenon of 


resonance in the circuit can be used in the 
tuning mechanism of a radio or a TV set. 


(Delhi 2011) 
Explain 
(i) Resistance, 
(ii) Reactance and 
(iii) Impedance (Delhi 2011C) 


7.7 Power in AC Circuit : The 


Power Factor 


(1 mark) 


40. 


£ 


42. 


Define ‘quality factor’ of resonance in series 
LCR circuit. What is its SI unit? (Delhi 2016) 
The power factor of an ac circuit is 0.5. What 
is the phase difference between voltage and 
current the circuit? (Foreign 2016) 
Why is the use of ac voltage preferred over dc 
voltage? Givetwe “easons. (Al 2014) 
De ine the term wattless current, 
SN mm -= (Delhi 2011) 
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my WES (2 marks) 


44. 






45. 


Ceries LCR circuit obtain the conditions 
eee ee p : 
e impedance of the circuit 


is minimum and (ii) wattless current flows in 
Orens. 


the circuit. (Foreign 2014) 
A resistor ‘R’ and an element ‘X’ are connected 
in series to an ac source of voltage. The voltage 
is found to lead the current in phase by 7/4. 
If ‘X is replaced by another element Y, the 


voltage lags behind the current by 7/4. 

(i) Identify elements ‘X’ and ‘Y. 

(ii) When both ‘X’ and ‘Y are connected in 
series with ‘R to the same source, will the 
power dissipated in the circuit be maximum 


or minimum? Justify your answer. 
(Foreign 2013) 


46. A light bulb is rated 100 W for 220 V ac supply 






X 


48. 


¥ 49, 


of 50 Hz. Calculate 
(i) the resistance of the bulb; 
(ii) the rms current through the bulb. 
(AI 2012) 


ut making any other change, find the 
of the additional capacitor C}, to be 
connected in parallel with the capacitor C, in 
order to make the power factor of the circuit 
unity. 


L=100mH C=2UF R=4000 


V = Va sin(1000t + o) 
(1/3, Delhi 2017) 
Calculate the value of the additional capacitor 
which may be joined suitably to the capacitor 
C that would make the power factor of the 
circuit unity. 
R= 400 Q 


V = Vasin(1000¢ + ọ) C=2ŅF 


L = 100 mH 
(1/3, AI 2015) 
A circuit containing an 80 mH inductor and 
a 250 mF capacitor in series connected to a 
240 V,.100 rad/s supply. The resistance of the 
circuit is negligible. 
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(i) Obtain rms value of current. (c) Define the term “Wattless current. 


(ii) What is the total average power consumed (Delhi 2012C) 
yy the circuit? E. , 
b) - | (Delhi 2015C) 57. (a) An alternating voltage V = V,, sin wt 
50. A voltage ' = Vo sinwt is applied to a series applied to a series LCR circuit drives a 
LCR circuit. Derive the expression for the current given by i =i,, sin (wt + 0). Deduce an 
average power dissipated over a cycle. Under expression for the average power dissipated 
what condition is over a cycle. 
(i) no power dissipated even though the (b) For circuits used for transporting electric 
curren! flows through the circuit, power, a low power factor implies large power 
(ii) maximum power dissipated in the loss in transmission. Explain. 
E i , 
circuits (AI 2014) (c) Determine the current and quality factor 
51. (a) For a given ac i = i,, sinwt, show that the at- resonance for a series LCR circuit with 
average power dissipated in a resistor R over a L= 1.00 mH, 1.00 nF and R =100 Q connected 
l2 to an ac source having peak voltage of 100 V. 
-omplete cycle is =i 
com} “Ye 5 mR (Foreign 2011) 
(b) A light bulb is rated at 100 W for a 220 V 58. A series LCR circuit is connected to an ac 
ac supply. Calculate the resistance of the bulb. source having voltage V = V,, sinwt. Derive 
(AI 2013) the expression for the instantaneous current 
tes an ac source is connected to an ideal i -a ip prase ielitionenip : the applied 
capacitor show that the average power voltage. — the — or — 
supplied by the source over a complete cycle = ne us pia ae 4 AA =n ws 
Ses seein, (2/3, Delhi 2013C) con itions un er which it is (i) maximum 
and (ii) minimum. (Delhi 2010) 


> rove that an ideal capacitor, in an ac circuit 


‘ does not dissipate power. (AI 2011) 7.9 Transformers 
54. A series LCR circuit is connected to a 220 V 
variable frequency (ac) supply. If L = 10 mH, (1 mark) 
EJ Why is the core of a transformer laminated ? 
(Delhi 2013C) 
, 60. Mention the two characteristic properties 


~f the material suitable for making core of a 
transformer. (AI 2012) 


C= S jut and R = 55 QQ. 
Tt 


(a) Find the frequency of the source, for 
which the average power absorbed by the 


circuit is maximum. | 
(b) Calculate the value of maximum current 61. What is the function of a step-up transformer ? 


amplitude. (Delhi 2010C) (AI 2011C) 


nu (5 marks) L SAI - (2 marks) 


Sq In series LR circuit X; = R and power factor Ky State the underlying principle of a transformer. 
of the circuit is P. When capacitor with How is the large scale transmission of electric 
capacitance C such that A; = Xç is put in A energy over long distances done with the use 


series, the power factor becomes P,. Calculate of transformers? (AI 2012) 
? lhi 2016 
Pift neuen (5 marks) 


56. (a) A voltage V = V, sin wt applied toa series 
LCR circuit drives a current i = i, sin œt in the 
circuit. Deduce the expression for the average 


power dissipated in the circuit. 


" ) For circuits used for transporting electric : i 
a iow power factor xaplies large power ) A small town with a demand of 1200 kw 


trarsimisso. Grape - ‘of electric power at 220 V is situated 20 km 


63. (a) Draw the diagram of a device which is 
used to decrease high ac voltage into a low ac 
voltage and state its working principle. Write 
four sources of energy loss in this device. 













ay from an electric plant generating power 
440 V. The resistance of the two wire line 

carrying power is 0.5 & per km. The town 
| gets the power from the line through a 4000 
(320 V step-down transformer at a sub station 
Sin the town. Estimate the line power loss in 


‘the form of heat. (Delhi 2019) 


( ) | 

65. (a) Draw a labelled diagram of a step-up 
transformer, Obtain the ratio of secondary to 
(N primary voltage in terms of number of turns 
& : 


) ( 


n -and currents in the two coils. 
Fb) A power transmission line feeds input 
_, power at 2200 V to a step-down transformer 
with its primary windings having 3000 turns. 
Find the number of turns in the secondary to 
(Delhi 2017) 


65. (i) Draw a labelled diagram of a step-down 
transformer. State the principle of its working. 
(ii) Express the turn ratio in terms of voltages. 
(iii) Find the ratio of primary and secondary 
currents in terms of turn ratio in an ideal 
transformer. 
(iv) How much current is drawn by the 
primary of a transformer connected to 220 V 
supply when it delivers power toa 110 V - 550 W 
refrigerator ? (Al 2016) 


66. (i) Write the function of a transformer. State 
its principle of working with the help of a 
diagram. Mention various energy losses in 
this device. 

(ii) The primary coil of an ideal step up 
transformer has 100 turns and transformation 
ratio is also 100. The input voltage and power 
are respectively 220 V and 1100 W. Calculate 
(a) number of turns in secondary 

(b) current in primary 

(c) voltage across secondary 
(d) current in secondary ' 
(e) power in secondary ~- 


get the power output at 220 V. 


(Delhi 2016) 
67. (a) Draw a schematic arrangement for 
winding of primary and secondary coil in a 


transformer when the two coils are would on 
top of each other. 


(b) State the underlying principle of a 
transformer and obtain the expression for the 
ratio of secondary to primary voltage in terms 


of the 


(i) number of secondary and primary 
windings and 


CBSE Champion Physics Ulass 12 





(ii) primary and secondary currents. 
© fc) Write the main assumption involved jp 
deriving the above relations. 
AKI) Write any two reasons due to which energy 
losses may occur in actual transformers. 
(AI 2014C) 


68. (a) Explain with the help of a labelled 
diagram, the principle and working of a 
transformer. Deduce the expression for its 
working formula. 

(b) Name any four causes of energy loss in an 


actual transformer. (Al 2013C) 


69. (a) State the principle of a step-up 
transformer. Explain, with the help of a 
labelled diagram, its working. 

(b) Describe briefly any two energy losses. 
giving the reasons for their occurrence in 


actual transformers. (Foreign 2012) 


70. (i) With the help of a labelled diagram, 
describe briefly the underlying principle and- 
working of a step up transformer. 

(ii) Write any two sources of energy loss ina 
transformer. 

(iii) A step up transformer converts a low 
input voltage into a high output voltage. 
Does it violate law of conservation of energy? 
Explain. (Delhi 2011) 


71. A power transmission line feeds power at 
2200 V with a current of 5 A to step down 
transformer with its primary winding having 
4000 turns. Calculate the number of turns 
and the current in the secondary in order to 
get output power at 220 V. (2/5, Foreign 2011) 

72. (a) Draw a schematic diagram of a step-up 
transformer. Explain its working principle. 
Assuming the transformer to be 100% 
efficient, obtain the relation for (i) the current 
in the secondary in terms of the current in the 
primary, and (ii) the number of turns in the 
primary and secondary windings. 


(b) Mention two important energy losses in 
actual transformers and state how these can 
be minimized, (Delhi 2011C) 


Draw a schematic diagram of a step-up 
transformer. Explain its working principle. 
Deduce the expression for the secondary to 
primary voltage in terms of the number of 
turns in the two coils. In an ideal transformer. 
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‘Displacement Current 


3 Electromagnetic Waves 


YaIWV) ING IV 


ap Electromagnetic 
Waves 


8.4 Electromagnetic Spectrum 


UJ 
Topicwise Analysis of Last 10 Years’ CBSE Board Questions (2019-2010) 








Number of questions ——> 





>» Maximum weightage is of Electromagnetic 
Waves. 


>> Maximum SA Ii type questions were asked 





SA II C] LA 





from Electromagnetic Waves. 


» No LA type questions were asked till now. 


QUICK RECAP 


© Displacement Current : The current which 
comes into play in the region, wherever the 
electric field and hence the electric flux is 
changing with time. It is given by 
dd, 


I, =f —-— 
” at 


where £ is the permittivity of free space ang 
dQ. = th l o 
dt is the rate of change of electric flux. 

dt © 


> Amperes circuital law for conduction curren! 
during charging of a capacitor was foun¢ 
inconsistent. Therefore, Maxwell modifie 
Ampere’ circuital law. 
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u Displacement Current 
nE (1 mark) 


4 
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zhe charging current for a capacitor is 0.25 A. 
what is the displacement current across its 
Aalates? (Foreign 2016) 
£< capacitor has been charged by a dc source. 
What are the magnitude of conduction 
and displacement current, when it is fully 
charged? (Delhi 2013) 


(2 marks) 
3, 


A parallel plate capacitor of plate area A each 
and separation d, is being charged by an ac 
source. Show that the displacement c\ryent 
inside the capacitor is the same as the ent 
charging the capacitor. (AI 2019) 


4. How does Ampere-Maxwell law explain the 
flow of current through a capacitor when 
it is being charged by a battery? Write the 
expression for the displacement current in 


terms of the rate of change of electric flux. 
(Delhi 2017) 


5. Why does current in a steady state not flow 
in a capacitor connected across a battery? 
However momentary current does flow 
during charging or discharging of the 
capacitor. Explain. (AI 2017) 

6. A capacitor, made of two parallel plates each 
of plate area A and separation d, is being 
charged by an external ac source. Show t 
the displacement current inside the capac 


is the same as the current charging the 
(AI 2013) 
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capacitor. 

7. When an ideal capacitor is charged by a dc 
battery, no current flows. However, when anac 
source is used, the current flows continuously. 
How does one explain this, based on the 
concept of displacement current? 
(Delhi 2012) 

8. A capacitor of capacitance ‘C is being 
charged by connecting it across a dc source 
along with an ammeter. will the ammeter 
show a momentary deflection during the 
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process of charging? If so, how would you 
explain this momentary deflection and the 
resulting continuity of current in the circuit? 
Write the expression for the current inside 
the capacitor. (AI 2012) 


(3 marks) 


9. Write Maxwell’s generalization of Ampere’ 
Circuital Law. Show that in the process of 
charging a capacitor, the current produced 
within the plates of the capacitor is 

do, 

0 dt 

where 6; is the electric flux produced during 

charging of the capacitor plates. (Delhi 2016) 


10. Write the expression for the generalized 
form of Ampere’s circuital law. Discuss its 
significance and describe briefly how the 
concept of displacement current is explained 
through charging/discharging of a capacitor 
in an electric circuit. (AI 2015) 


[=€ 


8.3 Electromagnetic Waves 


(1 mark) 


lk Illustrate by giving suitable examples, how 
you can show that electromagnetic waves 
carry both energy and momentum. (AI 2019) 


12. How is the speed of em-waves in vaccum 
determined by the electric and magnetic 


fields? (Delhi 2017) 
13%, Do electromagnetic waves carry energy and 
momentum? (AI 2017) 


14. Write the relation for the speed of electro- 
magnetic waves in terms of the amplitudes of 
electric and magnetic fields. (AI 2017) 


15. In which directions do the electric and 
magnetic field vectors oscillate in an 
electromagnetic wave propagating along the 
X-axis? (AI 2017) 
Why are microwaves considered suitable for 

' radar systems used in aircraft navigation? 

(Delhi 2016) 


aa | 
ya. Welders wear special goggles or face masks 
| with glass windows to protect their eyes 

from electromagnetic radiations. Name 


the radiations and write the range of their 
frequency. (AI 2013) 


i8. Name the physical quantity which remains 
"(> same for microwaves of wavelength 1 mm and 

UV radiations of 1600 A in vacuum. 
(Delhi 2012) 


4%. What are the directions of electric and 
magnetic field vectors relative to each other 
and relative to the direction of propagation of 


electromagnetic waves? 
(AI 2012) 


20. What is the frequency of electromagnetic 
waves produced by oscillating charge of 
frequency v? (Delhi 2011C) 


21. In what ways are the directions of the electric 
and magnetic field vectors representing an 


electromagnetic wave related to each other? 
(Delhi 2010C) 


22. Express the velocity of propagation of an e.m. 
wave in terms of the peak value of the electric 
and magnetic fields. (AI 2010C) 






(2 marks) 


What do you understand by the statement, 
“Electromagnetic waves transport 
momentum’? (1/2, 2018) 


D74. Name the types of e.m. radiations which 
(i) are used in destroying cancer cells, (ii) 
cause tanning of the skin and (iii) maintain 
the earth’s warmth. 


Write briefly a method of producing any one 
of these waves. (AI 2015C) 


2s Answer the following questions: 

$ Show, by giving a simple example, how 
e.m. waves Carry energy and momentum. 
(igh How are microwaves produced? Why is 
| it necessary in microwave ovens to select 
the frequency of microwaves to match the 

resonant frequency of water molecules? 
(iigWrite two important uses of infrared 
waves. (Delhi 2014C) 
26. (a) An e.m. wave is travelling in a medium 
with a velocity ¥ = vi. Draw a sketch showing 
the propagation of the e.m. wave, indicating 


28. 


29. 


yo. 
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the direction of the oscillating electric and 
magnetic fields. 
(b) How are the magnitudes of the electric 


and magnetic fields related to velocity of the 
e.m. wave? (Delhi 2013) 


. (a) How are electromagnetic waves produced? 


(b) How do you convince yourself that 
electromagnetic waves carry energy and 
momentum? (Delhi 2013C) 


Explain briefly how electromagnetic waves 
are produced by an oscillating charge. How 
is the frequency of the e.m. waves produced 
related to that of the oscillating charge? 

(Foreign 2012) 


Draw a sketch of a plane electromagnetic 
wave propagating along the z-direction. 
Depict clearly the directions of electric and 
magnetic fields varying sinusoidally with z. 


(AI 2010) 
How are X-rays produced? Write their two 
important uses. (Foreign 2010) 


Sy-Wiie (3 marks) 


31.. 


a 


34. 


ps. 


Prove that the average energy density of the 
oscillating electric field is equal to that of the 
oscillating magnetic field. (2/3, Delhi 2019) 


How are e.m. waves produced by oscillating 
charges ? 

Draw a sketch of linearly polarized e.m. waves 
propagating in the z-direction. Indicate the 
directions of the oscillating electric and 
magnetic fields. (Delhi 2016) 


Answer the following questions: 

(a) Name the e.m. waves which are suitable 
for radar systems used in aircraft navigation. 
Write the range of frequency of these waves. 

(b) If the Earth did not have atmosphere: 
would its average surface temperature be 
higher or lower than what it is now? Explain. 
(c) An e.m. wave exerts pressure on the 
surface on which it is incident. Justify. 


(Delhi 2014) 
How are electromagnetic waves produced by 
oscillating charges? (1/3, Foreign 20! 3) 


(a) When the oscillating electric and magnet“ 
fields are along the x-and_ y-directio? 
respectively. 


Jie vVaves 











point out the direction of propagation of 
ectromagnetic wave. 


express the velocity of propagation in 
te rms of the amplitudes of the oscillating 
electric and magnetic fields. 
How do you show that the e.m. wave 
arries energy and momentum? 
(AI 2013C) 
rw does an oscillating charge produce 
ect omagnetic wave? Explain. 
dw a sketch showing the propagation of 
pisne e.m. wave along the Z-direction, clearly 
depicting the directions of oscillating electric 
and magnetic field vectors. 
(Foreign 2014, Delhi 2012C) 
37. Describe briefly how electromagnetic waves 
are produced by oscillating charges. 
(1/3, AI 2011C) 
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8.4 Electromagnetic Spectrum 


(1 mark) 


38. The small of the 
stratosphere is crucial for human survival. 
Why? (AI 2019) 


39. Name the electromagnetic radiations used for 
(a) water purification, and (b) eye surgery. 

(2018) 

40. To which part of the electromagnetic 


spectrum does a wave of frequency 5 x 10'” Hz 
belong? (AI 2014) 


41. Arrange the following electromagnetic waves 
in order of increasing frequency : 
y-rays, Microwaves, Infrared rays and 
Ultraviolet rays. (Foreign 2014) 
42. Name the electromagnetic waves, which 
(i) maintain the Earth’s warmth and (ii) are 
used in aircraft navigation. (Foreign 2012) 
43. A plane electromagnetic wave travels in 
vacuum along z-direction. What can you say 
about the direction of electric and magnetic 
(Delhi 2011) 


(AI 2011) 


ozone layer on top 


field vectors? 
. How are radio waves produced? 
45. Write two uses of microwaves. (Foreign 2011) 


pectrum has 


46, ich pi f electromagnetic s$ 
Which part of e g sa apte 


: 2 
largest penetrating power: 


185 


4 ame the part of electromagnetic spectrum 
whose wavelength lies in the range of 10 ° m. 
Give its one use. (AI 2010) 


48. Which part of the electromagnetic spectrum 
is used in satellite communication? 


(Foreign 2010) 
(2 marks) 


49. Why are infrared waves often called heat 
waves? Explain. (1/2, 2018) 


. Identify the electromagnetic waves whose 
wavelengths vary as 


(a) 10 '*m<A<10°m 
(b) 10° m<A<10'm 


Write one use for each. (AI 2017) 


_D Identify the electromagnetic waves whose 
wavelengths vary as 
(a) 10''m<A<10 4m 
(b) 10*m<A<10°m 


Write one use of each. (AI 2017) 


elaine the following electromagnetic waves — 
in the descending order of their wavelengths : 
(i) Microwaves 
(ii) Infra-red rays 
(iii) Ultra-violet-radiation 
(iv) Gamma rays 
(b) Write one use each of any two of them. 
(Delhi 2013C) 
3. How are infrared waves produced? Why are 
these referred as heat waves? Write their one 
important use? (Delhi 2011) 
54. Name the constituent radiation of 
electromagnetic spectrum which is used for 
(i) aircraft navigation. 
(ii) studying crystal structure. 
Write the frequency range for each. 


(Delhi 2011C) 

55. Arrange the following electromagnetic 

radiations in ascending order of their 
frequencies : 


(ii) Radiowave 
(iv) Gamma rays 
(Delhi 2010) 


56. Name one method each for the (i) production 
and (ii) detection of X-rays. (Delhi 2010C) 


Write one method each of (i) production, and 
(ii) detection of microwaves. (AI 2010C) 


(i) Microwave 
(iii) X-rays 


186 


n7w (3 marks) 





58. 


ams 


60. 


Identify the part of the electromagnetic 
spectrum used in (i) radar and (ii) eye surgery. 
(1/3, Delhi) 


Identify the part of the electromagnetic 

spectrum which is: 

(a) suitable for radar system used in aircraft 
navigation, 

(b) produced by bombarding a metal target 
by high speed electrons. (2/3, AI 2016) 

(i) Which segment of electromagnetic waves 


has highest frequency? How are these waves 
produced? Give one use of these waves. 


Write their frequency range. 


(ii) Which e.m. waves lie near the high 
frequency end of visible part of e.m. spectrum? 
Give its one use. In what way this component 
of light has harmful effects on humans? 
(Foreign 2016) 


6l. 


63. 
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Name the parts of the electromagnetic 
spectrum which is 

(a) suitable for radar systems used in aircraft 
navigation. 

used to treat muscular strain. 

used as a diagnostic tool in medicine. 


(b) 
(c) 
Write in brief, how these waves can be produced. 

(Delhi 2015) 


. State clearly how a microwave oven works 


to heat up a food item containing water 
molecules. 


Why are microwaves found useful for the 
radar systems in aircraft navigation? 

(2/3, Foreign 2013) 
Give one use of each of the following : 
(i) Microwaves 
(ii) Ultraviolet rays 
(iii) Infra-red rays 


(iv) Gamma rays (2/3, AI 2011C) 
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QUICK RECAP 


© Optics : It is the branch of physics which - Geometrical optics or ray optics 
deals with the study of light and the - Physical optics or wave optics 
phenomena associated with it. It is divided > Geometrical optics or ray optics : It trea" 
into two branches: propagation of light in terms of rays and i$ 


> ° 
As per the current syllabus provided by CBSE for Class XII, th ic ‘Di ; . f 
, the topic ‘Dispe i art of the 
curriculum, hence it has now been omitted from the chapter. P peasionbya Print is nolor apat = 
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/When an object is placed between f and 2f 
‘of a concave mirror, would the image formed 
be (i) real or virtual and (ii) diminished or 
~ magnified? 


(Delhi 2015C) 


A convex lens is placed in contact with a 
plane mirror. A point object at a distance of 
20 cm on the axis of this combination has 
its image coinciding with itself. What is the 
focal length of the lens? (Delhi 2014) 


(2 marks) 


3, 


4. 


Use the mirror equation to show that an 
object placed between f and 2f of a concave 
mirror produces a real image beyond 2f. 

(Delhi 2015) 


An object AB is kept in front of a concave 
mirror as shown in the figure. 
A 





(i) Complete the ray diagram showing the 
image formation of the object. 

How will the position and intensity of 
the image be affected if the lower half of 


the mirror’s reflecting surface is painted 
black? (AI 2012) 


(ii) 


% (a) Plane and convex mirrors are known to 


produce virtual images of the objects. Draw 
a ray diagram to show how, in the case of 
convex mirrors, virtual objects can produce 
real images. 


(b) Why are convex mirrors used as side 


view mirrors in vehicles? (Delhi 2012C) 


(a) Draw a ray diagram for a convex mirror 
showing the image formation of an object 
placed anywhere in front of the mirror. 

(b) Use this ray diagram to obtain the 


e ion for its linear magnification. 
_ (AI 2012C) 


| Reflection of Light by 7. 
- Spherical Mirrors 
IW (1 mark) 


cui 


Previous Years’ CBSE Board Questions 





Draw a ray diagram showing the formation 
of the image by a concave mirror of an object 
placed beyond its centre of curvature. If the 
lower half of the mirror’s reflecting surface 
is covered, what effect will it have on the 
image? (AI 2011C) 


ENE (3 marks) 


8. 


Ao. 


11. 


(a) Calculate the distance of an object of 
height h from a concave mirror of radius of 
curvature 20 cm, so as to obtain a real image 
of magnification 2. Find the location of 
image also. | 

(b) Using mirror formula, explain why does 


a convex mirror always produce a virtual 
image. (Delhi 2016) 


(a) A mobile phone lies along the principal 
axis of a concave mirror. Show, with the 
help of a suitable diagram, the formation of 
its image. Explain why magnification is not 
uniform. 
(b) Suppose the lower half of the concave 
mirrors reflecting surface is covered with an 
opaque material. What effect this will have 
on the image of the object? Explain. 

(Delhi 2014) 


Use the mirror equation to show that 

(a) an object placed between f and 2f of 
a concave mirror produces a real image 
beyond 2f. 

(b) a convex mirror always produces a 
virtual image independent of the location of 
the object. 

(c) an object placed between the pole and 
focus of a concave mirror produces a virtual 
and enlarged image. (AI 2011) 


(a) How is the focal length of a spherical 
mirror affected when the wavelength of the 
light used is increased? 

(b) A convex lens has 20 cm focal length in air. 
What is its focal length in water? (Refractive 
index of air-water = 1.33, refractive index of 
air-glass = 1.5). (Foreign 2010) 


| 


202 


12. Anobject of 3cm height is placed at a distance 
of 60 cm from a convex mirror of focal length 
30 cm. Find the nature, position and size of 
the image formed. (AI 2010C) 


(5 marks) 


vi 
pris. 


[| 
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yas. 


(a) Draw a ray diagram to show image 
formation when the concave mirror produces 
a real, inverted and magnified image of the 
object. 
(b) Obtain the mirror formula and write 
- the expression for the linear magnification. 
(4/5, 2018) 


Draw a ray diagram to show the image 
formation by a concave mirror when the 
object is kept between its focus and the pole. 
Using this diagram, derive the magnification 
formula for the image formed. (Delhi 2011) 


14. 


15. Derive the ‘mirror equation using the ray 
diagram for the formation of a real image by 


a concave mirror. 
9.3 Refraction 
(1 mark) 


16. For the same value of angle of incidence, 
the angles of refraction in three media A, B 
and C are 15°, 25° and 35° respectively. In 
which media would the velocity of light be 
minimum? (AI 2012) 


When monochromatic light travels from one 
medium to another its wavelength changes 
but frequency remains the same. Explain. 


(Delhi 2011) 
(2 marks) 
18. 


17. 


How does the refractive index of a transparent 
medium depend on the wavelength of 
incident light used? Velocity of light in glass is 
2 x 10° m/s and in air is 3 x 108 m/s. If the ray 
of light passes from glass to air, calculate the 
value of critical angle. (Foreign 2015) 


sy-Gime (3 marks) 


Monochromatic light of wavelength 589 nm 
is incident form air on a water surface. If u for 
water is 1.33, find the wavelength, frequency 
and speed of the refracted light. 

2/3, AI 2017) 


(Delhi 2010C) 
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20. Do the frequency and wavelength change 
when light passes from a rarer to a dense; 


medium? (Delhi 2012C) 


94 Total Internal Reflection 


(1 mark) 


21. State the criteria for the phenomenon of tota] 
internal reflection of light to take place. 
(Delhi 2011C, Delhi 2010) 





(2 marks) 


22. (a) Write the necessary conditions for the 
phenomenon of total internal reflection to 
occur. 

(b) Write the relation between the refractive 
index and critical angle for a given pair of 


optical media. (Delhi 2013) 


23. A fish in a water tank sees the outside world 
as if it (the fish) is at the vertex of a cone such 
that the circular base of the cone coincides 
with the surface of water. Given the depth of 
water, where fish is located, being ‘h’ and the 
critical angle for water-air interface being ‘i, 
find out by drawing a suitable ray diagram 
the relationship between the radius of the 


cone and the height ‘h’. (Delhi 2012C) 


ANIE (3 marks) 


24. Define the term ‘critical angle for a pair of 


media. 

A point source of monochromatic light ‘S is 
kept at the centre of the bottom of a cylinder 
of radius 15.0 cm. The cylinder contains 
water (refractive index 4/3) to a height 0! 
7.0 cm. Draw the ray diagram and calculate 
the area of water surface through which the 
light emerges in air. (Delhi 2013C) 


A small bulb (assumed to be a point source) 
is placed at the bottom of a tank containing 
water to a depth of 80 cm. Find out the are@ 
of the surface of water through which light 
from the bulb can emerge. Take the value 0! 
the refractive index of water to be 4/3. 
(Delhi 20136 


PAN 













ptics and Optical Instruments 


a) State the necessary conditions for 
producing total internal reflection of light. 

b) Draw ray diagrams to show how 
Tp specially designed prisms make use of total 
“Enternal reflection to obtain inverted image 
maof the object by deviating rays (i) through 90° 
Fe and (ii) through 180°. (Al 2011C) 


Define total internal reflection. State its 
essential conditions. (Delhi 2010) 
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(5 marks) 


3g ‘Wnder what conditions is the phenomenon 
' of total internal reflection of light observed ? 
Obtain the relation between the critica] angle 
of incidence and the refractive index of the 
medium. (3/5, Delhi 2019) 
Explain briefly how the phenomenon of total 


internal reflection is used in fibre optics. 
(2/5, Delhi 2011) 


X. 


9.5 Refraction at 
Surfaces and by Lenses 


(1 mark) 


30. A concave lens of refractive index 1.5 is 
immersed in a medium of refractive index 


1.65. What is the nature of the lens? 
(Delhi 2015) 


A biconvex lens made of a transparent 
material of refractive index 1.25 is immersed 
in water of refractive index 1.33. Will the lens 


behave as a converging or a diverging lens? 
(AI 2014) 


\41. 


Give reason. 


A ray of light falls on a transparent sphere 
with centre C as shown in the figure. The 
ray emerges from the sphere parallel to the 
line AB. Find the angle of refraction al A if 
refractive index of the material of the sphere 


is 3... 


32, 





(Foreign 2014) 


Spherical 138. 


203 

' 33. When red light passing through a convex 

lens is replaced by light of blue colour, how 
will the focal length of the lens change? 

(AI 2013C) 


Under what condition does a biconvex lens 
of glass having a certain refractive index act 
as a plane glass sheet when immersed in a 
(Delhi 2012) 


p34. 


liquid? 


How does focal length of a lens change when 
red light incident on it is replaced by violet 


light? Give reason for your answer. 
(Foreign 2012) 


D85. 


36. Two thin lenses of power -4 D and 2 D are 
placed in contact coaxially. Find the focal 


length of the combination. (AI 2012C) 


37. A glass lens of refractive index 1.45 
disappears when immersed in a liquid. What 
is the value of refractive index of the liquid? 


(Delhi 2010) 


A converging lens is kept coaxially in contact 
with a diverging lens, both the lenses being of 
equal focal lengths. What is the focal length 
of the combination? (AI 2010) 


(2 marks) 


X39. A beam of light converges at a point P. Now 
a convex lens is placed in the path of the 
convergent beam at 15 cm from point P. At 
what point does a beam converge if the convex 
lens has a focal length 10 cm? (AI 2019) 


. An object is kept in front of a concave mirror 
of focal length 15 cm. The image formed is 
real and three times the size of the object. 
Calculate the distance of the object from the 

(AI 2019) 





mirror. 


An equiconvex lens of focal length ‘f is cut 
into two identical plane convex lenses. How 
will the power of each part be related to the 
focal length of the original lens? 

A double convex lens of +5 D is made of 
glass of refractive index 1.55 with both faces 
of equal radii of curvature. Find the value of 
its radius of curvature. (Foreign 2015) 


A convex lens of focal length 25 cm is placed 
coaxially in contact with a concave lens of 


Al. 


42. 





%5. 


converging or diverging in nature? 
(Delhi 2013) 


A convex lens of focal length f, is kept in 

contact with a concave lens of focal length f. 

Find the focal length of the combination. 
(AI 2013) 


A beam of light converges at a point P. A 
concave lens of focal length 16 cm is placed 
in the path of this beam 12 cm from P. 
Draw a ray diagram and find the location 
of the point at which the beam would now 
converge. (Delhi 2011C) 


The radii of curvature of the faces of a double 
convex lens are 10 cm and 15 cm. If focal 
length of the lens is 12 cm, find the refractive 


index of the material of the lens. 
(Delhi 2010 ) 


y:Wi (3 marks) 


¥46. A symmetric biconvex lens of radius of 


curvature R and made of glass of refractive 
index 1.5, is placed on a layer of liquid placed 
on top of a plane mirror as shown in the 
figure. An optical needle with its tip on the 
principal axis of the lens is moved along the 
axis until its real, inverted image coincides 
with the needle itself. The distance of the 
needle from the lens is measured to be x. 
On removing the liquid layer and repeating 
the experiment, the distance is found to be 
y. Obtain the expression for the refractive 
index of the liquid in terms of x and y. 


(2018) 


47. A double convex lens is made of a glass of 


refractive index 1.55, with both faces of the 
same radius of curvature. Find the radius of 
curvature required, if the focal length is 20 cm. 

(1/3, AI 2017) 


focal length 20 cm. Determine the power 48. 
of the combination. Will the system be 


if 


49. 


50. 


51. 


52, 
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In the following diagram, an object ‘O’ iş 
placed 15 cm in front of a convex lens L, 
of focal length 20 cm and the final image iş 
formed at J at a distance of 80 cm from the 
second lens L. Find the focal length of the 


lens L3. 


80 cm 





(Foreign 2016) 


A convex lens of focal length 20 cm is placed 
coaxially with a convex mirror of radius of 


curvature 20 cm. The two are kept at 15 cm 


from each other. A point object lies 60 cm in 
front of the convex lens. Draw a ray diagram 
to show the formation of the image by the 
combination. Determine the nature and 
position of the image formed. (AI 2014) 


A convex lens of focal length 20 cm is placed 
coaxially with a concave mirror of focal 
length 10 cm at a distance of 50 cm apart 
from each other. A beam of light coming 
parallel to the principal axis is incident on 
the convex lens. Find the position of the final 
image formed by this combination. Draw the 
ray diagram showing the formation of the 
image. (AI 2014) 


A convex lens of focal length 20 cm is placed 
coaxially with a convex mirror of radius of 
curvature 20 cm. The two are kept 15 «™ 
apart. A point object is placed 40 cm in front 
of the convex lens. Find the position of the 
image formed by this combination. Draw the 


ray diagram showing the image formation. 
(AI 2014) 


You are given three lenses L,, L, and L; each 
of focal length 20 cm. An object is kept at 40 
cm in front of L,, as shown. The final real 
image is formed at the focus ‘T of Ly. FIP 
the separations between L,, L, and dy. 
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56. 


jcs and Optical Instruments 


20cm (AI 2012) 


efine power of a lens Write its units. 


educe the relation ESO SNE. a for two 
hl h 

lin lenses kept in contact coaxially, 

A (Foreign 2012) 


aw a ray diagram to show the formation 


of the image of an object placed on the axis 


of a convex refracting surface of radius of 
curvature R, separating the two media of 
refractive indices ‘n? and ‘Ny (n, > n)). 
Use this diagram to deduce the relation 
mn n m-n 
v u R 

respectively the distance of the object and 
the image formed. (Delhi 2012C) 





l 
» where u and v represent 


. A convex lens made up of glass of refractive 


index 1.5 is dipped, in turn, in (i) a medium 
of refractive index 1.65, (ii) a medium of 
refractive index 1.33. 

(a) Will it behave as a converging or a 
diverging lens in the two cases? 

(b) How will its focal length change in the 
two media? (AI 2011) 


With the help of suitable ray diagram, derive 
a relation between the object distance (u), 
image distance (v) and radius of curvature 
(R) for a convex spherical surface, when a ray 


of light travels from rarer to denser medium. 
(Delhi 2011C) 


- An illuminated object and a screen are placed 


90 cm apart. Determine the focal length E 
nature of the lens required to produce a clear 


on tne sS j j f the 
image he screen, twice the size O 

ject (Al 2010) 
object. 


(5 marks) 


\ — 
hs 8. Three lenses of focal lengths +10 cm, "e 


and +30 cm are arranged coaxially as H E 
figure given below. Find the pose 
final image formed by the combination. 


459. 


60. 


Poi. 


(a) 


205 


+10cm -10cm 


+ 30 cm 


O 





5 cm 10cm 


(2/5, Delhi 2019) 


Using the ray diagram for a system of two 
lenses of focal lengths f, and f, in contact 
with each other, show that the two lens 
system can be regarded as equivalent 
to a single lens of focal length f, where 
l J l 


—=— +. 

f hh 

Also write the relation for the equivalent 
power of the lens combination. 
Determine the position of the image 


formed by the lens combination given in 
the figure. 


(b) 


f=+10,-10,  +30cm 
O 
e a cin 
Dr N 
5cm 10 cm 
(AI 2019) 
(a) Derive the mathematical relation 


between refractive indices n, and n, of 
two media and radius of curvature R for 
refraction at a convex spherical surface. 
Consider the object to be a point source lying 
on the principle axis in rarer medium of 
refractive index n, and a real image formed 
in the denser medium of refractive index n,. 
Hence, derive lens maker’s formula. 

(b) Light from a point source in air falls on 
a convex spherical glass surface of refractive 
index 1.5 and radius of curvature 20 cm. 
The distance of light source from the glass 
surface is 100 cm. At what position is the 
image formed ? (AI 2016) 


Draw a ray diagram to show the image 
formation by a combination of two thin 
convex lenses in contact. Obtain the 
expression for the power of this combination 
in terms of the focal lengths of the lenses. 

(2/5, AI 2015) 
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a o2. 


63. 


65. 


(a) A point object ‘O' is kept in a medium 
of refractive index nm, in front of a convex 
spherical surface of radius ol curvature 
R which separates the second medium ol 
refractive index nm, from the first one, as 
shown in the figure. 

Draw the ray diagram 





showing the image 
formation and deduce 
the relationship 


between the object distance and the image 
distance in terms of 7n}, n, and R. 

(b) (i) When the image formed above acts 
as a virtual object for a concave spherical 
surface separating the medium n, from n, 
(n, > n,), draw this ray diagram and write the 
similar (similar to (a)) relation. 

(ii) Hence obtain the expression for the lens 
maker's formula. (Delhi 2015) 


Draw a ray diagram showing the formation of 
the image by a point object on the principal 
axis of a spherical convex surface separating 
two media of refractive indices n, and m, 
when a point source is kept in rarer medium 
of refractive index n,. Derive the relation 
between object and image distance in terms 
of refractive index of the medium and radius 
of curvature of the surface. 
Hence obtain the expression for lens-maker’s 
formula in the case of thin convex lens. 
(Delhi 2014C) 
(a) A point object is placed in front of a 
double convex lens (of refractive index 
n= m/n; with respect to air) with its spherical 
faces of radii of curvature R, and R,. Show 
the path of rays due to refraction at first and 
subsequently at the second surface to obtain 
the formation of the real image of the object. 
Hence obtain the lens-maker’s formula for a 
thin lens. 
(b) A double convex lens having both faces 
of the same radius of curvature has refractive 
index 1.55. Find out the radius of curvature 
of the lens required to get the focal length of 
20 cm. (AI 2014C) 


Obtain lens makers formula using the 


expression 
m tj M-m) 


R 





vV u 


66. 


CBSE Champion Physics Class 1 


Here the ray of light propagating froma rarer 
medium of refractive index (1,) to a denser 
medium of refractive index (n3) is incident 
on the convex side of spherical refractin 
surface of radius of curvature R. (Delhi 20] l) 


Figure shows a convex spherical Surface 
with centre of curvature C, separating the 
two media of refractive indices n; and n, 
Draw a ray diagram showing the formation 
of the image of a point object O lying on 
the principal axis. Derive the relationship 
between the object and image distance in 
terms of refractive indices of the media and 
the radius of curvature R of the surface. 





(3/5, Delhi 2010C) 


9.6 Refraction through a Prism 
(1 mark) 


%67. 


68. 





xf 70. 


How does the angle of minimum deviation of 
a glass prism vary, if the incident violet light is 
replaced by red light? Give reason. (AI 2017) 
Write the relationship between angle of 
incidence ‘i, angle of prism ‘A’ and angle 
of minimum deviation 8,, for a triangular 
prism. (Delhi 2013) 


-SAT (2 marks) 
X69. 


A ray PQ incident i 
normally on the refracting i 

face BA is refracted in 
the prism BAC made of 
material of refractive 
index 1.5. Complete the B 
path of ray through the 
prism. 

From which face will the ray emerge? Justify 
your answer, (AI 2016) 


Two monochromatic rays of light are incidenl 
normally on the face AB of an isosceles 
right-angled prism ABC. The refractive 
indices of the glass prism for the two rays 
T and ‘2’ are respectively 1.33 and 1.45. 


Trace the path of these rays after entering thé 
prism. 





| 
(= 


ee 

3 C (AI 2014) 

i, Figure shows a ray of light passing through 

a prism. If the refracted ray QR is parallel to 

the base BC, show that (i) ri =r, = A/2, (ii) 

angle of minimum deviation, Di = 2i-A 
A 


B 


| 





r 
(Foreign 2014) 
72. Three rays of light, red (R), green (G) and 
blue (B), are incident on the face AB of a 
right angled prism, as shown in the figure. 
The refractive indices of the material of the 
prism for red, green and blue are 1.39, 1.44 
and 1.47 respectively. Which one of the 
three rays will emerge out of the prism? Give 
reason to support your answer. 





(Foreign 2013) 


4 A ray of light, incident on an equilateral glass 
prism (Ho = J3) moves parallel to the base 

8 oo 
line of the prism inside it. Find 


i hi 2012 
incidence for this ray- (Delhi ) 


74. Trace the path of a ray of A 

Flight passing through a glass 

prism (ABC) as shown in 

the figure. If the refractive 

index of glass is J3 , find out 

of the value of the angle of 
emergence from the prism. 





m 
(Foreign 2012) 


the angle of 


rT 
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The following table gives the values of the 
angle of deviation, for different values of the 
angle of incidence, fora triangular prism : 


Angle of | 33° | 38° | 42° | 52° 719 
Incidence 
Angle of 50° | 46° | 40° | 43° | 50° 
Deviation 


(a) For what value of the angle of incidence, 
is the angle of emergence likely to be equal to 
the angle of incidence itself? 

(b) Draw a ray diagram, showing the 
passage of a ray of light through this prism 
when the angle of incidence has the above 
value. (Delhi 2010C) 


















SAN (3 marks) 


76. 


fd. 


K 78. 


(a) Plot a graph for angle of deviation as 
a function of angle of incidence for a 
triangular prism. 

(b) Derive the relation for the refractive 
index of the prism in terms of the angle of 


minimum deviation and angle of prism. 
(AI 2019) 


The figure showsa ray of light falling normally 
on the face AB of an equilateral glass prism 


3 
having refractive index z’ placed in water of 


"N 4 a a i 
refractive index —. Will this ray suffer total 
3 


internal reflection on striking the face AC? 


Justify your answer. 
A 


(1/3, 2018) 


(i) Aray oflight incident on A 
face AB of an equilateral 
glass prism, shows 
minimum deviation of n 
30°. Calculate the speed 
of light through the prism. 

(ii) Find the angle of incidence at face AB so 
that the emergent ray grazes along the 
face AC. (Delhi 2017) 






80. 


Three rays (1, 2, 3) of different colours fall 


normally on one of the sides of an isosceles 
right angled prism as shown. The refractive 
index of prism for these rays is 1.39, 1.47 
and 1.52 respectively. Find which of these 
rays get internally reflected and which get 
only refracted from AC. Trace the paths of 
rays. Justify your answer with the help of 
necessary calculations. 





(Foreign 2016) 


Draw a ray diagram showing the path of a 
ray of light entering through a triangular 
glass prism. Deduce the expression for the 
refractive index of glass prism in terms of the 
angle of minimum deviation and angle of the 


prism. (AI 2012C) 


(5 marks) 


81. 


$ 82. 


A ray of light passing from air through an 


equilateral glass prism undergoes minimum 
2 
deviation when the angle of incidence is a 


of the angle of prism. Calculate the speed of 


light in the prism. (2/5, AI 2017) 


(i) Plot a graph to show variation of the 
angle of deviation as a function of angle of 
incidence for light passing through a prism. 
Derive an expression for refractive index 
of the prism in terms of angle of minimum 
deviation and angle of prism. 

(ii) A ray of light incident 
normally on one face of 

a right isosceles prism 

is totally reflected as 
shown in figure. What 
must be the minimum 
value of refractive 


index of glass ? Give relevant calculations. 
(3/5, Delhi 2016) 


83. 


84. 


85. 


CBSE Champion Physics Class 12 


(a) A ray PQ of light is incident on the face 
AB of a glass prism ABC (as shown in the 
figure) and emerges out of the face AC. Trace 
the path of the ray. Show that 

Zi+ Ze=ZA+ Z0 

where 6 and e denote the angle of deviation 


and angle of emergence respectively. 
A 





B G 

Plot a graph showing the variation of the 
angle of deviation as a function of angle of 
‘ncidence. State the condition under which 
Z6 is minimum. 

(b) Find out the relation between the 
refractive index (u) of the glass prism and 
ZA for the case when the angle of prism 
(A) is equal to the angle of minimum 
deviation (6,,). Hence obtain the value 
of the refractive index for angle of prism 
A = 60°. (AI 2015) 


Draw a ray diagram to show refraction of a 
ray of monochromatic light passing through 
a glass prism. 
Deduce the expression for the refractive 
index of glass in terms of angle of prism and 
angle of minimum deviation. 

(3/5, Delhi 2011) 


(i) A ray of monochromatic light iS 
incident on one of the faces of an equilateral 
triangular prism of refracting angle A. Trace 
the path of ray passing through the prism. 
Hence, derive an expression for the refractive 
index of the material of the prism in terms 
of the angle of minimum deviation and ils 
refracting angle. 

(ii) Three light rays red (R), green ( 
blue (B) are incident on the right angle 
prism abc at face ab. The refractive indices 
of the material of the prism for red, green 
and blue wavelengths are respectively 1.39, 
1.44 and 1.47. Trace the paths of these 
rays reasoning out the difference in thel! 


behaviour. 


G) and 


ray eee ee ro UTTIONIS 


a 


B 
G 
R 
bL ON 4 
(Foreign 2011) 


2.8 Some Natural Phenomena 
due to Sunlight 


AY (1 mark) 


86. Why does sun appear red at sunrise and 
sunset? (AI 2016, Foreign 2015) 


87. Why does bluish colour predominate in a 
clear sky? (AI 2015) 


88. y does the sky appear blue? (Foreign 2010) 


8 nder what condition does a rainbow is 
bserved? (AI 2010C) 


(2 marks) 


96. 
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- A small telescope has an objective lens of- 


focal length 150 cm and eyepiece of focal 
length 5 cm. What is the magnifying power 
of the telescope for viewing distant objects in 
normal adjustment? 
If this telescope is used to viewa 100 m tall tower 
3 km away, what is the height of the image of 
the tower formed by the objective lens? 

(AI 2015) 


Draw a schematic arrangement of a reflecting 
telescope (Cassegrain) showing how rays 
coming from a distant object are received 
at the eye-piece. Write its two important 
advantages over a refracting telescope. 
(Delhi 2013C) 


97. Draw a labelled ray diagram of a reflecting 


telescope. Mention its two advantages over 
the refracting telescope. (AI 2012) 


98. Explain why both the objective and the 


eyepiece of a compound microscope must 
have short focal lengths. (AI 2012C) 


x | SAIL | (3 marks) 


90. Write the conditions for observing a rainbow. 99. Draw a labelled ray diagram of an astronomical 


Show by drawing suitable diagrams, how one 


understands the formation of a rainbow. 
(AI 2014C) 


91. The bluish colour predominates in clear sky. 


why? (Delhi 2010) 


9.9 Optical Instruments 


SAI | (2 marks) 


92. Define the magnifying 
microscope when the 
at infinity. Why must 
the eyepiece of a com 
short focal lengths? Explain. 

93. Why should the objective of a telescope have 


aperture? Justify 
large focal length = (Delhi 2017) 


power of a compound 
final image is formed 
both the objective and 


pound microscope has 
(Delhi 2017) 


your answer. | f 
94. You are given twoọ converging tule Ni 
focal lengths 1.25 cm and 5 cm a ome all 
compound microscope: If it is eae pa 

a magnification of 30, find out the sep 


, , the e epiece. 
between the objective and the © (AI 2015) 


telescope in the near point adjustment 
position. 

A giant refracting telescope at an observatory 
has an objective lens of focal length 15 m 
and an eyepiece of focal length 1.0 cm. If this 
telescope is used to view the Moon, find the 
diameter of the image of the Moon formed by 
the objective lens. The diameter of the Moon 
is 3.48 x 10° m, and the radius of lunar orbit, 
is 3.8 x 10° m. (Delhi 2019) 


00. Draw a ray diagram to show the image 


formation of a distant object by a refracting 
telescope. Write the expression for its angular 
magnification in terms of the focal lengths 
of the lenses used. State the important 
considerations required to achieve large 


resolution and their consequent limitations. 
(AI 2019) 


101.(a) Draw a ray diagram showing the 


formation of image by a reflecting telescope. 
(b) Write two advantages of a reflecting 


telescope over a refracting telescope. 
(AI 2017) 






9 F | (WVV Z | UDOL VIIANpPIV i HJY WIADY |7 


@ raw a ray diagram depicting the | Lens | Power (P) | Aperture (A) 
a formation of the image by an astronomical | L 61 | ye | 
telescope in normal adjustment, | 
| | , ee lenses | E 3 D 8 cm 
S You are given the following three lenses. | 2 | 
: Fa © , g , 
“AWhich two lenses will you use as an | L, 10 D | lcm 
eyepiece and as an objective to construct (Delhi 2015C) 
an astronomical telescope? Give reason. 07, (a) Draw a labelled ray diagram showing 
č. | > a final image by a compo 
| Tenses Power(D) Aperture (cm) the formation of é | ge by pound 
SG | | microscope at least distance of distinct 
th Soo 3 | 8 | vision. 
E 6 | l | (b) The total magnification produced 
—— | by a compound microscope is 20. The 
l i . l 
3 in | | | magnification produced by the eye piece is 
(AI 2017) 5. The microscope is focussed on a certain 
103. (a) Draw a ray diagram for the formation of object. The distance between the objective 
image by a compound microscope. and eyepiece is observed to be 14 cm. If least 


distance of distinct vision is 20 cm, calculate 
the focal length of the objective and the eye 
piece. (Delhi 2014) 


ylos. (i) Draw a schematic labelled ray diagram 
of a reflecting type telescope. 
(ii) Write two important advantage 


(b) You are given the following three lenses. 

Which two lenses will you use as an 
eyepiece and as an objective to construct 
a compound microscope? 


Lenses Power(D) Aperture (cm) | 





o L 3 8 justifying why reflecting type telescopes are 
p | 6 | dv | preferred over refracting telescopes. 

een meee a (iii) The objective of a telescope is of larger 

= bec —_ se a eee l | focal length and of larger aperture (compared 
(2/3, AI 2017) to the eyepiece). Why? Give reasons. 


104. Draw a schematic ray diagram of reflecting (Foreign 2013) 
telescope showing how rays coming from a aus (a) A small telescope has an objective lens 


distant object are received at the eye-piece. of focal length 140 cm and an eyepiece of 

Write its two important advantages over a focal length 5.0 cm. Find the magnifying 

refracting telescope. (Delhi 2016) power of the telescope for viewing distant 
05. ( : objects when 

.(i) A giant refracting telescope has an (i) the telescope is in normal adjustment, 


objective lens of focal length 15 m. If an eye 4 


(ii) the final image is formed at the least 
piece of focal length 1.0 cm is used, what is 


distance of distinct vision. 


the angular magnification of the telescope? (b) Also find the separation between the 
(ii) if this telescope is used to view the moon, objective lens and the eye piece in normal 
what is the diameter of the image of the moon adjustment. (AI 201 3C) 


formed by the si ha lens? Thediameterof 110. Draw a ray diagram showing the imag‘ 
the moon is 3.48 x 10° mand the radius of lunar formation by a compound microscope whe? 


“2.2 8 
orbit is3.8x10°m. (Delhi 2015, AI 2011) the final image is formed at the near point. 
RC 106. Which two of the following lenses L,, L», and (Al 20120) 


L, will you select as objective and eyepiece A111. 
for constructing best possible (i) telescope 


(ii) microscope? Give reason to support your 
answer. 


Two convex lenses of focal length 10 cm and 
1 cm constitute a telescope. The telescope j 
focussed on a point which is 1m away from 
the objective. Calculate the magnification" 


-Ray Optics and Optical Instruments 


— 
) 


produced and the length of the tube, if the 
final image is formed at a distance of 25 cm 
from the eyepiece. (Delhi 2011C) 


,(a) (i) Draw a neat labelled ray diagram 


of an astronomical telescope in normal 
adjustment. 


Co (ii) Explain briefly its working. 


115. 


114. 


(b) An astronomical telescope uses two 
lenses of powers 10 D and 1 D. What is its 


-= magnifying power in normal adjustment? 


(AI 2010) 


(i) Draw a neat labelled diagram of a 
compound microscope. Explain briefly its 
working. 

(ii) Why must both the objective and the 
eye-piece of a compound microscope have 
short focal lengths? (AI 2010) 


Draw a schematic diagram of a reflecting 
telescope (Cassegrain). Write two important 
advantages that the reflecting telescope has 
over a refracting type. (Foreign 2010) 


. Explain, with the help of a ray diagram, 


the working of an astronomical telescope. 
The magnifying power of a telescope in its 
normal adjustment is 20. If the length of the 
telescope is 105 cm in this adjustment, find 


the focal lengths of the two lenses. 
(AI 2010C) 


(5 mark) 


116. 


17. 


4 (i) 


Explain two advantages of a reflecting 


telescope over a refracting telescope. 
(1/5, 2018) 


(i) Draw a labelled ray diagram to obtain 
the real image formed by an astronomical 
telescope in normal adjustment position. 
Define its magnifying power. 

(ii) Youare given three lenses of power 0.5 D, 
4D and 10 D to design a telescope. 


(a) Which lenses should he use as objective 
and eyepiece ? Justify your answer, — 
(b) Why is the aperture of the objective 


preferred to be large ° (AI 2016) 


Draw a labelled schematic ray diagram 


of astronomical telescope in normal 


adjustment. 


j 
Ky 


Aen. 
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122. 
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(ii) Which two aberrations do objectives 
of refracting telescope suffer from? How are 


these overcome in reflecting telescope? 
(Foreign 2016) 


Draw a ray diagram showing the image 
formation of a distant object by a refracting 
telescope. Define its magnifying power and 
write the two important factors considered 
to increase the magnifying power. 

Describe briefly the two main limitations 
and explain how far these can be minimized 
in a reflecting telescope. (Foreign 2015) 


(a) Draw a ray diagram showing image 
formation in a compound microscope. 
Define the term ‘limit of resolution’ and 
name the factors on which it depends. How is 
it related to resolving power of a microscope? 
(b) Suggest two ways by which the resolving 
power of a microscope can be increased. 
(c) A telescope resolves whereas a 
microscope magnifies. Justify this statement. 
(Foreign 2015) 


Draw a ray diagram showing the image 
formation by a compound microscope. 
Obtain expression for total magnification 
when the image is formed at infinity. 

(3/5, AI 2015C) 


(a) Draw a labelled ray diagram of an 
astronomical telescope to show the image 
formation of a distant object{ Write the main 
considerations required in selecting the 
objective and eyepiece lenses in order to have 
large magnifying power and high resolution 
of the telescope. ] 


(b) A compound microscope has an 


123. 


objective of focal length 1.25 cm and eyepiece 
of focal length 5 cm. A small object is kept 
at 2.5 cm from the objective. If the final 
image formed is at infinity, find the distance 
between the objective and the eyepiece. 

(Foreign 2014) 


Draw a ray diagram showing the image 
formation by acompound microscope. Hence 
obtain expression for total magnification 
when the image is formed at infinity. 

(3/5, Delhi 2013) 





10.3 Refraction and Reflection of Plane Waves 
using Huygens Principle 


10.4 Coherent and Incoherent Addition of Waves 





10.2 Huygens Principle 10.5 Interference of Light Waves and Young's 


Experiment 


10.6 Diffraction 


10.7 Polarisation 
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Maximum SA II type questions were asked 
from Interference of light Waves and Young’s | 
Experiment and Polarisation. | 


QUICK RECAP 


© Wavefront : The locus of all particles of the 
medium vibrating in the same phase at a 
given instant is known as wavefront. 
Depending on the shape of sources of light, 
wavefront can be of three types 


> 


> 


Spherical wavefront : When the source 
of light is a point source, the wavefront is 
spherical. 

Cylindrical wavefront : When the source ot 
light is linear, the wavefront is cylindrical. 


240 





10.2 Huygens Principle 
| OVSA | (1 mark) 


State Huygens principle of diffraction of light. 
(AI 2011C) 


10.3 Refraction and Reflection of 


Plane Waves using Huygens 
Principle 


(3 marks) 


> 


m 


Define the term wavefront. Using Huygens 
wave theory, verify the law of reflection. 
(Delhi 2019) 
Define the term, “refractive index” of a 
medium. Verify Snell’s law of refraction when 
a plane wavefront is propagating from a 
denser to a rarer medium. (Delhi 2019) 


Define the term wavefront. State Huygen’s 
principle. Consider a plane wavefront 
incident on a thin convex lens. Draw a 
proper diagram to show how the incident 
wavefront traverses through the lens and 
after refraction focusses on the focal point 
of the lens, giving the shape of the emergent 
wavefront. (Al 2016) 


Explain the following, giving reasons: 

(i) When monochromatic light is incident 
on a surface separating two media, the 
reflected and refracted light both have 
the same frequency as the incident 
frequency. 

When light travels from a rarer to a 
denser medium, the speed decreases. 
Does this decrease in speed imply a 
reduction in the energy carried by the 
wave ¢ 

In the wave picture of light, intensity 
of light is determined by the square 
of the amplitude of the wave. What 
determines the intensity in the photon 
picture of light? (AI 2016) 


(ii) 


(iii) 





Previous Years’ CBSE Board Questions ØE 


(5 marks) 


10. Define a wavefront. Using Huygen’s principle 


11. 


CBSE Champion Physics Class 19 





















Use Huygens principle to show how a plane 
wavefront propagates from a denser to 
rarer medium. Hence verify Snell’s law of 
refraction. (AI 2015) 


A plane wavefront propagating in a medium 
of refractive index ‘u,’ is incident on a plane 
surface making the angle of incidence i as 
shown in the figure. It enters into a medium 
of refraction of refractive index ‘LL,’ (LL, > 
u). Use Huygens’ construction of secondary 
wavelets to trace the propagation of the 
refracted wavefront. Hence verify Snell’s law 


of refraction. (Foreign 2015) 


i 


Use Huygens principle to verify the laws of 
refraction. (Delhi 2011) 


Using Huygens’ principle draw a diagram 
showing how a plane wave gets refracted 
when it is incident on the surface separating 
a rarer medium from a denser medium. 
Hence verify Snell’s law of refraction. 

(AI 2011C) 


verify the laws of reflection at a plane surface. 
(2018) 


Define wavefront. Use Huygen’s principle to 
verify the laws of refraction. (3/5, AI 201; ) 


4)/ Define a wavefront. How is it differen! 
from a ray? 
(b) Depict the shape of a wavefront in each 
of the following cases. 
(i) Light diverging from point source. 
(ii) Light emerging out of a convex lens 
when a point source is placed at its focus. 











Huygen’s construction of 
ondary wavelets, draw a diagram showin 

passage of a plane Wavefront from À 
enser into a rarer medium. (Al 2015C) 


State Huygen's principle. Using this 
r ciple draw a diagram to show how x 
ne wavefront incident at the interface 
ithe two media gets refracted when it 
opagates trom a rarer to a denser medium 
nce verify Snell's law of refraction. | 
When monochromatic light travels 
j a rarer to a denser medium. explain the 
following, giving reasons: 
(i) Is the frequency of reflected and 
refracted light same as the frequency of 
incident light? | 
(ii) Does the decrease in speed imply a 
reduction in the energy carried by light 
wave? (Delhi 2013) 


14. (a) Use Huygen’s geometrical construction 
to show how a plane wave-front at t = 0 
propagates and produces a wave-front at a 
later time. } 
(b) Verify, using Huygen’s principle, Snell's 
law of refraction of a plane wave propagating 
from a denser to a rarer medium. 

(c) When monochromatic light is incident 
on a surface separating two media, the 
reflected and refracted light both have the 
same frequency. Explain why. (Delhi 2013C) 


15. Definea wavefront. Use Huygens geometrical 
construction to show the propagation of a 
plane wavefront from a rarer medium to 
a denser medium undergoing refraction. 
Hence derive Snell’s law of refraction. 

(Foreign 2012) 


16, (a) Use Huygens geometrical construct 


to show the behaviour of a plane sade 
(i) passing through a biconvex lens. 
(ii) reflecting by a concave mirror, siden 
(b) When monochromatic light gine as 
on a surface separating two Mec < frequency 
the refracted light have the sar? sign 2012) 
as that of the incident light? (Forelg olane 
7, (i) A plane wavefront approach aden 
Surface separating two MEA ii ‘two is 
‘One’ is optically denser and ng rinciple, ex- 
Optically rarer, using Huygens P avefront is 
Plain and show how a refracté 
constructed. 
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(ii) Hence verify Snell’s law. 
Gii) When a light wave travels from rarer to 
denser medium, the speed decreases. Does it 
imply reduction in its energy? Explain. 
(Foreign 2011) 
18. Using Huygens construction, draw a figure 
showing the propagation of a plane wave 
reflecting at the interface of the two media. 
Show that the angle of incidence is equal to 
the angle of reflection. (Delhi 2010) 


10.4 Coherent and 
Addition of Waves 


(1 mark) 


19. Define the term ‘coherent sources’ which are 
required to produce interference pattern in 
Young's double slit experiment. 

(Delhi 2014C) 


Incoherent 


SA | 


20. (a) Write the conditions under which light 
sources can be said to be coherent. 
(b) Why is it necessary to have coherent 
sources in order to produce an interference 
pattern? (Al 2013C) 


(2 marks) 


10.5 Interference of Light Waves 
and Young's Experiment 


(2 marks) 


21. The figure shows a modified Young's double 
slit experimental set-up. Here SS, - SS, = A/4. 


P 
oe 
5 | 
£ ATENE ARARAS: O 
s 
a) Write the condition for constructive 


interference. 
(b) Obtain an expression for the fringe 
width. (Al 2019) 


For a single slit of width ‘a, the first 
minimum of the interference pattern of a 
monochromatic light of wavelength A occurs 


#22. 


al At the same angle of A 


at an angle of 
at (s t 6 a a 


=> 


l 
| 
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we get a maximum for two narrow slits 


(b) Light of wavelength 500 A propagat; 
separated by a distance ‘q’ Explain. pagating 


23. 


25. 





(Delhi 2014) 


(a) State two conditions required for 


obtaining coherent sources, 

(b) In Youngs arrangement to produce 
interference pattern, show that dark and 
bright fringes appearing on the screen are 
equally spaced. (Delhi 2012C) 


Laser light of wavelength 640 nm incident on 
a pair of slits produces an interference pattern 
in which the bright fringes are separated by 
7.2mm. Calculate the wavelength of another 
source of light which produces interference 
fringes separated by 8.1 mm using same 
arrangement. Also find the minimum value 
of the order (n) of bright fringe of shorter 
wavelength which coincides with that of the 
longer wavelength. (AI 2012 C) 


Two slits are made one millimetre apart and 
the screen is placed one metre away. What is 


in air gets partly reflected from 
the surface of water. How will the 
wavelengths and frequencies of the 
reflected and refracted light be affected? 

(Delhi 2015) 


Why cannot two independent 
monochromatic sources produce sustained 
interference pattern? Deduce, with the 
help of Youngs arrangement to produce 
interference pattern, an expression for the 
fringe width. (Foreign 2015) 


(a) The ratio of the widths of two slits in 
Young’ double slit experiment is 4: 1. 
Evaluate the ratio of intensities at maxima 
and minima in the interference pattern. 

(b) Does the appearance of bright and dark 
fringes in the interference pattern violate, in 
any way, conservation of energy? Explain. 


the fringe separation when blue-green light of (AT 2015C) 
wavelength 500 nm is used? (Delhi 2011C) xi. (a) Two monochromatic waves emanating 
from two coherent sources have the 


Laser light of wavelength 630 nm incident on 
a pair of slits produces an interference pattern 
in which the bright fringes are separated by 
7.2 mm. Calculate the wavelength of 
another source of laser light which produces 
interference fringes separated by 8.1 mm 
using same pair of slits. (AI 2011C) 


NIM (3 marks) 


27. 


(a) If one of two identical slits producing 


displacements represented by 

yı = a cos Wt and y, = a cos (wt + 6) 

where @ is the phase difference between the 

two displacements. Show that the resultant 

intensity at a point due to their superposition 

is given by I = 4 I, cos? /2, where Ip = a’. 

(b) Hence obtain the conditions 

constructive and destructive interference. 
(AI 2014C) 


for 





interference in Young’s experiment is covered aay In what si aa diffraction from each slit 
with glass, so that the light intensity passing ceinte to the “aie pattern ina double 
through it is reduced to 50%, find the ratio of slit experiment’ (1/3, Delhi 2013) 
the maximum and minimum intensity of the X3. In a modified set-up of Young’s double slit 
fringe in the interference pattern. experiment, it is given that SS, - SS, = 4/4, 
(b) What kind of fringes do you expect i.e. the source ‘S’ is not equidistant from the 
to observe if white light is used instead of slits Sı and S. 
monochromatic light? (2018) | P 

28. Answer the following questions : y 
(a) In a double slit experiment using light an | reas O 

of wavelength 600 nm, the angular S- 


width of the fringe formed on a distant 
screen ic 0.1°. Find the spacing between 
tne twoslits. =" 


(a) Obtain the conditions for constructive 
and destructive interference at any point P 





Wave Uptve 


y 


35. 


on the screen in terms of the 
ð= SP i SP. 

(b) Does the observed ce 
lie above or below ‘O’? G 
your answer. 


path difference 


central bright fringe 
‘ve reason to support 
(AI 2013C) 


(a) Why are coherent sources necessary to 


oduce a sustained interference pattern? 
((b)In Young's double slit ex 


periment using 
velength À, the 
t on the screen 
is K units. Find 
t a point where 

(Delhi 2012) 
Describe Youngs double slit experiment 
to produce interference pattern due to a 
monochromatic source of light. Deduce the 
expression for the fringe width. 


(Delhi 2011) 


onochromatic light of wa 
intensity of light at a poin 
where path difference is À, 
out the intensity of light a 
path difference is ,/3. 


. The intensity at the central maxima (O) in 


Youngs double slit experiment is Ip. If the 
distance OP equals one-third of the fringe 
width of the pattern, show that the intensity 


I 
at point P would be Pi 


(Foreign 2011) 


39, 
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coincide? The distance between the slits is 2 
mm and the distance between the plane of 
the slits and screen is 120 cm. (Foreign 2010) 


Abeam oflight, consisting oftwo wavelengths, 
600 nm and 450 nm is used to obtained 
interference fringes in a Young's double slit 
experiment. Find the least distance, from the 
central maximum, where the bright fringes, 
due to both the wavelengths, coincide. The 
distance between the two slits is 4.0 mm and 
the screen is at a distance 1.0 m from the slits. 

(Delhi 2010C) 


FA (5 marks) 


40. 


41. 





37, In Young’s double slit experiment, the two 


x 


experiment. What is the 






slits 0.15 mm apart are illuminated by 
monochromatic light of wavelength 450 nm. 
The screen is 1.0 m away from the slits. | 

(a) Find the distance of the second . 
bright fringe, (ii) dark fringe from the centra 
max] | 

(6) How will the fringe pattern change if 


the slits? 
the screen is moved away from (AI 2010) 


l lengths, 
A beam oflight consisting vahj Te pa 
650 nm and 520 nm, is use 


, s double slit 
. “~. ın a Young ~ 
interference fringes least distance from 


where the bright 


i ag. “be wavelengths 
due to tne bobs © 


ceatral, -mnaxumum 


43. 


Describe any two characteristic features 
which distinguish between interference and 
diffraction phenomena. Derive the expression 
for the intensity at a point of the interference 
pattern in Young's double slit experiment. 
(3/5, Delhi 2019) 


In Youngs double slit experiment, deduce 
the condition for . (a) constructive, and 
(b) destructive interference at a point‘on the 
screen. Draw a graph showing variation of 
intensity in the interference pattern against 
position x on the screen. (4/5, Delhi 2016) 


(a) Consider two coherent sources Sı and S, 
producing monochromatic waves to produce 
interference pattern. Let the displacement of 
the wave produced by S, be given by 
Y,; =a coswt 
and the displacement by S, be 
Y, =a cos(wt + >) 
Find out the expression for the amplitude 
of the resultant displacement at a point and 
show that the intensity at that point will be 
I = 4a*cos*b/2. 
Hence establish the conditions 
constructive and destructive interference. 
(b) What is the effect on the interference 
fringes in Young's double slit experiment 
when (i) the width of the source slit is 
increased ; (ii) the monochromatic source js 
replaced by a source of white light? 

(AI 2015) 
(a) (i) Two independent monochromatic 


sources of light cannot produce a sustained 
interference pattern. Give reason. 


for 
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ac 


) Light waves each of amplitude “a” Show that the intensity at a point where the 
and frequency “w”, emanating from path difference is A/3 is [p/4. (Foreign 2012) 
(C yo coherent light sources superpose 
wat a point. If the displacements due to 


> these waves is given by y, = a cos wt and 


(a) State the importance of coherent 
sources in the phenomenon of interference. 


“= = a cos (wt + ) where p is the phase (b) In Youngs double slit experiment to 
) i erence between the two, obtain the produce interference pattern, obtain the — 
o gxpression for the resultant intensity at the conditions for constructive and destructive 
| voint. interference. Hence deduce the expression 


7w) In Young’ double slit experiment, using 


4honochromatic light of wavelength A, the for the fringe width. 


- ratensity of light at a point on the screen (c) How does the fringe width get affected, 
where path difference is A, is K units. Find if the entire experimental apparatus of 
out the intensity of light at a point where Young's is immersed in water? (Al 2011) 
path difference is 4/3. (Delhi 2014) l l 

as , 48. In Youngs double slit experiment, the two 

JO a ee E eee “slits are kept 2 mm apart and the screen is 
describe briefly how bright and dark fringes ji Ei P P 
are obtained on the screen kept in front of a positioned 140 cm away from the pa of 
double slit. Hence obtain the expression for the slits. The slits are illuminated with light 
the fringe width. of wavelength 600 nm. Find the distance 
(b) ‘The ratio of the intensities at minima of the third bright fringes, from the central 


to the maxima in the Young’s double slit 
experiment is 9 : 25. Find the ratio of the 
widths of the two slits. (AI 2014) 


maximum, in the interference pattern 
obtained on the screen. If the wavelength of 


l the incident light were changed to 480 nm, 
45. (a) In Youngs double slit experiment, derive End aat the shit fr th - £ third 
the condition for (i) constructive interference n = E EE a OE POSEAN E coe 
and (ii) destructive interference at a point bright fringe from the central maximum. 
on the screen. j (3/5, AI 2010C) 
(b) A beam of light consisting of two , , 
wavelengths, 800 nm and 600 nm is used to 10.6 Diffraction 
obtain the interference fringes in a Young's 
(1 mark) 


double slit experiment on a screen placed 1.4 


m away. If the two slits are separated by 0.28 49. How does the angular separation between 


mm, calculate the least distance from the fringes in single-slit diffraction experiment 

central bright maximum where the bright change when the distance of separation 
fringes of the two wavelengths coincide. between the slit and screen is doubled. 

(AI 2012) (AI 2012) 

46. (a) What is the effect on the interference /°9- Fora given single slit, the diffraction pattern 

fringes in a Young’s double slit experiment is obtained on a fixed screen, first by using 

when red light and then with blue light. In which 


case, will the central maxima, in the observed 
diffraction pattern, have a larger angular 
width? (Delhi 2010C) 


(i) the separation between the two slits is 
decreased? 

(ii) the width of the source slit is increased? 
(iii) the monochromatic source is replaced (2 marks) 


bce ies 
by p source of white igus: X. Explain giving reason, how the resolving 
Justify your answer in each case. power of & Gompound miarorome departs 
(b) The intensity at the central maxima in = 


Young’s double slit exper imental set-up is Ip. (a) frequency of the incident light 








(AT 2019) 

When are two objects just resolve 

How can the resolving power of a Compound 

microscope be increased? Use relevant 
t 


aid zi formula to support your answer 
F3 ) ` 


d? Explain. 





(Delhi 2017) 


> EO : 3 : 

A Dras the intensity pattern for single slit 
a diffraction and double slit interference. 
= (a) Hence, state two differences between 


T = interference and diffraction patterns 
a ‘ 


| (AI 2017) 
$} A parallel beam of light of 500 nm 
falls on a narrow slit and the resulting 
diffraction pattern is Observed on a 
screen 1 m away. It is observed that the 
first minimum is at a distance of 2.5 mm 
from the centre of the screen. Calculate the 
width of the slit. (AI 2013) 


/ellow light (A = 6000 A) illuminates a 
” single slit of width 1 x 1077 m. Calculate (i) 
the distance between the two dark lines on 
either side of the central maximum, when 
the diffraction pattern is viewed on a screen 
kept 1.5 m away from the slit; (i the angular 

spread of the first diffraction minimum. 
(AI 2012C) 





56. Two convex lenses of same focal length but 
of aperture A, and A, (A, < A,), are used 
as the objective lenses in two astronomical 
telescope having identical eyepieces. dari 
is the ratio of their resolving power? Whic 


, fer and why? Give 
rai will you pre (Delhi 2011) 


57. Yellow light (A = 6000 A) por re nee 
Single slit of width 1 x 107 m. Calcu garg 
distance between two dark lines on © the 
Side of the central maximum, een ke t 
diffraction pattern is viewed on a screen KP 


I 2011C) 
1.5 m away from the slit. (A 





(3 marks) 


* Define resolving power of a 
Write one factor on which it 


microscope and 
de ends. 
(1/3. AI 2017) 


nochromatic light 
lit of width a to 
n on the screen 


A parallel beam of mo 
falls normally on a narrow $ 
Produce a diffraction patter 
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placed parallel to the plane of the slit. 

Use Huygens’ principle to explain that 

(i) the central bright maxima is twice as 
Wide as the other maxima. 

(ii) the intensity falls as we move to 
successive maxima away from the centre of 
On either side. (Delhi 2014C) 


Two wavelengths of sodium light 590 nm 
and 596 nm are used, in turn to study the 
diffraction taking place at a single slit of 
aperture 2 x 10° m. The distance between 
the slit and the screen is 1.5 m. Calculate the 
separation between the positions of the first 
maxima of the diffraction pattern obtained 
in the two cases. (2/3, Delhi 2013) 


Use Huygens principle to explain the 
formation of diffraction pattern due to a 
single slit illuminated by a monochromatic 
source of light. 
When the width of the slit is made double the 
original width, how would this affect the size 
and intensity of the central diffraction band? 
(Delhi 2012) 


In a single slit diffraction experiment, the 
width of the slit is reduced to half its original 
width. How would this affect the size and 
intensity of the central maximum? 

2/3, Delhi 2012C) 









Define the resolving power of a microscope. 
Write two factors by which resolving power 
can be increased. (2/3, AI 2012C) 





What would be the effect on the resolving 
power of the telescope if its objective lens is 
immersed in a transparent medium of higher 
refractive index? (1/3, AI 2012C) 
(a) In a single slit diffraction pattern, 
how does the angular width of the central 
maximum vary, when 

(i) aperture of slit is increased? 

(ii) distance between the slit and the screen 
is decreased? | 7 

(b) How is the diffraction pattern different 
interference pattern obtained in 
2 

(Delhi 2011C) 


from the 7 
Young's double slit experiment 






s ~ ne the resolving power of a microscope. 
w is this affected-when 


the wavelength of illuminating 
> U 
radiations is decreased, and 
és the diameter of the objective lens is 
2ocreased? 
pestiy your answer. (Foreign 2010) 


| 










67 An parallel beam of monochromatic light’ 

T oF wavelength 500 nm falls normally on 

a narrow slit and the resulting diffraction 

pattern is obtained on a screen 1 m away. 

It is observed that the first minimum is at 

a distance of 2.5 mm from the centre of the 

screen. Find 

((a)) the width of the slit. 

(b) the distance of the second maximum 

from the centre of the screen. 

(c) the width of the central maximum. 
(Foreign 2010) 


/ (5 marks) 


68. In the diffraction due to a single slit 

| l i 

experiment, the aperture of the slit is 3 mm. If 
monochromatic light of wavelength 620 nm 
is incident normally on the slit, calculate the 
separation between first order minima and the 
3"! order maxima on one side of the screen. 
The distance between the slit and the screen 
is 1.5m. (2/5, Delhi 2019) 


y (a) In a single slit diffraction experiment, 
the width of the slit is made double the 
original width. How does this affect the size 

and intensity of the central diffraction band? 










(b) When a tiny circular obstacle is placed 
in the path of light from a distant source, 
a bright spot in seen at the centre of th 
obstacle. Explain why. 


70. (a) Explain. two features to distinguish 
between the interference pattern in Young’s 
double slit experiment with the diffraction 
pattern obtained due to a single slit. 

b) A monochromatic light of wavelength 
500 nm is incident normally on a single slit 
of width 0.2 mm to produce a diffraction 






Tes 
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pattern. Find the angular width of the centra] 
aximum obtained on the screen. 

Estimate the number of fringes obtained in 

Youngs double slit experiment with fringe 

width 0.5 mm, which can be accommodated 

within the region of total angular speed of 

e central maximum due to single slit. 
(Delhi 2017) 


Compare the interference pattern observed 
in Young’s double slit experiment with single 
slit diffraction pattern, pointing out three 


distinguishing features. (1/5, Delhi 2016) 


(i) State the 
di ion of light. 

(ii) Explain diffraction of light due to 
narrow single slit and the formation O 
pattem of fringes on the screen. 


conditions for 


essential 















Of central 
maximum in terms of wavelength ‘A’ width 
of slit ‘a’ and separation between slit and 


screen ‘D. 
O If the width of the slit is made double 


e original width, how does it affect the size 
and intensity of the central band? 
(Foreign 2016) 


(a) Using Huygens’ construction of 
secondary wavelets explain how a diffraction 
pattern is obtained on a screen due to a 
narrow slit on which a monochromatic beam 
of light is incident normally. 
(b) Show that the angular width of the first 

diffraction fringe is half that of the central 
inge. aioe 

(c) Explain why the maxima at 0 = } 


Gar 
n+— |— 
F 


increasing n. 








become weaker and weaker with 





(Delhi 2015) 


(a) Describe briefly how a diffraction 
pattern is obtained on a screen due to a single 
narrow slit illuminated by a monochromatic 
source of light. Hence obtain the conditions 
for the angular width of secondary maxima 
and secondary minima. 

(b) Two wavelengths of sodium light of 
590 nm and 596 nm are used in turn to study 
the diffraction taking place at a single slit o! 










erture 2.x 10° m. The distance between 
e slit and the screen is 1.5 m, Calculate 
separation between the positions of first 
ima of the diffraction pattern obtained 
> the two cases. (Al 2014) 
5. l ią) Write three characteristic features to 
-astinguish between the interference tringes 
>a Youngs double slit experiment and the 
‘Uiffraction pattern obtained due to 

} cengle slit. 
™) A parallel beam of light of w 
1390 nm falls on a narrow slit and the resulting 
diffraction pattern is observed on a screen | 
m away. It is observed that the first minimum 
is a distance of 2.5 mm away from the centre. 
Find the width of the slit. (Foreign 2014) 
6. (a) A monochromatic source of light of 
wavelength A illuminates a narrow slit of 
width d to produce a diffraction pattern 
on the screen. Obtain the conditions when 
secondary wavelets originating from the slit 
interfere to produce maxima and minima on 

the screen. 
(b) How would the diffraction pattern be 
affected when E 
(i) the width of the slit is decreased? 

(ii) the monochromatic source of light is 


replaced by white light? (Foreign 2013) 


77. (a) Obtain the conditions for the bright 
and dark fringes in diffraction pattern 
due to a single narrow slit illuminated by a 
monochromatic source. | 

Explain clearly why the secondary maxima 
go on becoming weaker with increasing n. 

(b) When the width of the slit is made 
double, how would this affect the size and 


' z ? 
intensity of the central diffraction band í 
Justify (Foreign 2012) 


a narrow 


avelength 


78 X lluminated 
) diffraction 


for the 


) In a single narrow slit (i 
by a monochromatic source) 
experiment, deduce the conditions axima 
central maximum and greg aa 
and minima observed in the ja ‘ondary 
Pattern. Also explain why ee aeeie 
Maxima go on becoming weaker 
as the order increases. 
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(b) Answer the following questions: 
(i) How does the width of the slit affect the 
size of the central diffraetion-band?-——— 
(it) When a tiny circular obstacle is placed 
in the path of light from a distant source, 
why is a bright spot seen at the centre of the 
shadow of the obstacle? (AI 2010C) 











10.7 Polarisation 


(1 mark) 


9. Distinguish between unpolarized and linearly 


polarized light ——_____—__— 


Which of the following waves can be 
olarized (i) Heat waves (ii) Sound w 
Give reason to support your answer. 

(Delhi 2013) 


81. In what way is plane polarised light different 
from an unpolarised light? (AI 2012C) 


(2 marks) 


82. Unpolarised light is passed through a polaroid 
P|. When this polarised beam passes through 
another polaroid P, and if the pass axis of P, `’ 
makes angle O with the pass axis of P,, then 
write the expression for the polarised beam 
passing through P,. Draw a plot showing the 
variation of intensity when 0 varies from 0 to 
2T. (AI 2017) 

83. State Brewster's law. 

The value of Brewster angle for a transparent 
medium ‘is different for light of different 
colours. Give reason. Delhi 2016) 


84./Distinguish between polarized and 
unpolarized light. Does the intensity of 
polarized light emitted by a polaroid depend 
on its orientation? Explain briefly. | 
The vibration in beam of polarized light 
make an angle of 60° with the axis of the 
What percentage of light je 
ph the Shee 
(Foreign 2016) 











D 
transmitted ‘i 
Tz `o -4y Y 


beia A 
Find ans xpression for intensity of 
am: ed light when a polaroid sheet is 
rotated between two crossed polaroids. In 
which position of the polaroid sheet will the 
transmitted intensity be maximum? 

(Delhi 2015) 



















D 

‘ H 

o Distinguish between unpolarised and a 
@ hapo polarised light. Describe, with the 
> 


_ help of a diagram, how unpolarised light gets 
_ linearly polarised by scattering. 


(Delhi 2015C) 


, Explain briefly, giving a suitable diagram, 
_ how an unpolarised light incident on the 
> interface separating two transparent media 
_ gets polarised on reflection. Deduce the 
necessary condition for it. (Delhi 2012C) 


What does a polaroid consist of? Using a 
simple polaroid, show that light waves are 
transverse in nature. (Al 2012C) 


CELE Titel 


89. 


(a) What is unpolarised light? 

(b) An unpolarised beam of light, of 
intensity lọ is incident on a combination 
of two polaroids. Find the net intensity, of 
the light, transmitted by the combination, 
when the ‘pass-axis, of the two polaroids are 
inclined to each other at an angle of 60°. 


(Al 2010C) 
ASi (3 marks) 
%90. Show using a proper diagram how 


unpolarised light can be linearly polarised by 
reflection from a transparent glass surface. 


— E D 2018) 
State law of Malus. | 


(ii) Draw a graph showing variation o 
intensity (/) of polarised light transmitted b 
an analyser with angle (6) between polariser 
and analyser. i 
(iii) What is the value of refractive index ofa 
i¿m of polarising angle 60°27“ 
haai (Delhi 2016) 








% 91. 


State clearly how an unpolarised light gets 
linearly polari vhen passed through a 


a 

















(i) Unpolarised light of intensity 
incident on a polaroid P, which is kè 
near another polaroid P, whose pass axis is 








of light, 7, and /,, transmitted by the polaroids 
P, and P, respectively, change on rotating 
without disturbing P,? 

Write the relation 







betwes the 
(Al 2015) 






parallel to that of P,. How will the intensities | 
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xX (a) Good quality sun-glasses made of 


polaroids are preferred over ordinary 
| coloured glasses. Justifying your answer 
(b) Two polaroids P, and P, are placed in 
crossed postions. A third polaroid P, is kept 
between P, and P, such that pass axis of P, ix 












parallel to that of P,. How would the intensity 
of light (/,) transmitted through P, vary as P, 
is rotated? Draw a plot of intensity ‘/,” versus 
the angle ‘8’ between pass axes of P, and P, 

(AI 2015C) 


ising the phenomenon of polarisation, 
show how transverse nature of light can be 
demonstrated. 

Yo) Two polaroids P, and P, are placed with 
their pass axes perpendicular to each other. 
Unpolarised light of intensity lọ is incident 
on P,. A third polaroid P, is kept in between 
P, and P, such that its pass axis makes an 
angle of 30° with that of P,. Determine the 
intensity of light transmitted through P,, P, 
and P}. (AI 2014) 

yK What is polarized light? 
Describe briefly using a diagram how 

sunlight is polarised. 

(b) Unpolarised light is incident on a 

polaroid. How would the intensity of 

transmitted light change when the polaroid 

is rotated? (AI 2013) 


linearly 


96. When unpolarised light is incident on the 
boundary separating the two transparent 
media, explaning, with the help of a suitable 
diagram, the conditions under which the 
reflected light gets polarised. Hence define 
Brewster's angle and write its relationship in 
terms of the relative refractive index of the 


. two media. (Foreign 2013 


(a) Describe briefly, with the help of suitable 
diagram, how the transverse nature of ligh! 
can be demonstrated by the phenomenon of 


polarization. 
HH) When unpolarized light passes from 
air to transparent medium, under what 


condition does the reflected light get 
polarized? (Deth: 2 


à 









he velocity ofa certain monochromatic light 
na given transparent medium is 2.25 x 108 m/s 
What is the (a) critical angle of incidence 
>) polarising angle for this medium? 

(Al 2011) 






A Light passes through two polaroids P, 

Sar d P, with axis of P, making an angle 0 with 

A he pass axis of P,. For what value of 0 is the 

m atensity of emergent light zero? 

Srii) A third polaroid is placed between P; 

~and P, with its pass axis making an angle B 
with the pass axis of P}. Find a value of B for 
which the intensity of light emerging from P, 








I 
is 7 where Jp is the intensity of light on the 


polaroid P}. (Foreign 2011) 


100. (a) Explain, with the help of diagram, 
how plane polarised light is obtained by 
scattering. l 
(b) Between two polaroids placed in crossed 
position a third polaroid is introduced. The 
axis of the third polaroid makes an angle of 
30° with the axis of the first polaroid. Find 
intensity of transmitted light from the system 
assuming I, to be the intensity of polarised 


light obtained from the first polaroid. 
(AI 2011C) 


101. How does an unpolarised light get polarised 
when passed through a polaroid? 7 
Two polaroids are set in crossed positions. 
A third polaroid is placed between the two 
making an angle O with the pass axis of 
the first polaroid. Write the expression for 
the intensity of light transmitted iroi no 
second polaroid. In what orientations wi 
the transmitted intensity be (i) minimum 
and (ii) maximum? (AI 2010) 
02. A beam of unpolarised light is incident on the 
boundary between two transparent — 
If the reflected light is completely y 
polarised, how is its direction related to , : 
direction of the corresponding refracted light: 


:n the relation 
Dak. s angle. Obtain 
efine Brewster ang fractive index 


between this angle and the T° Delhi 2010C) 
for the given pair of media. ( 
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(5 marks) 


LON Ka) Explain, using a suitable diagram, how 
unpolarized light gets linearly polarized by 
scattering. 
YÉ) Describe briefly the variation of the 
intensity of transmitted light when a 
polaroid sheet kept between two crossed 
polaroids is rotated. Draw the graph 
depicting the variation of intensity with 
the angle of rotation. How many maxima 
and minima would be observed when 0 


varies from 0 ton? ’ (Al 2019) 


x (a) Distinguish between unpolarised light 
and linearly polarised light. How does one 
get linearly polarised light with the help of a 
polaroid? 
(b) A narrow beam of unpolarised light of 
intensity J) is incident on a polaroid P,. The 
light transmitted by it is then incident on a 
second polaroid P, with its pass axis making 
angle 60° relative to the pass axis of P,. Find 
intensity of the light transmitted by P,,. 
elhi 2017) 


. How is linearly polarised light obtai y 


he process of scattering of light? Find the 
Brewster angle for air - glass interface, when 
the refractive index of glass = 1.5. 

(2/5, AI 2017) 








P 


106. (a) How does one demonstrate, using a 
suitable diagram, that unpolarised light when 
passed through a polaroid gets polarised? 
(b) A beam of unpolarised light is incident 
on a glass-air interface. Show, using a suitable 
ray diagram, that light reflected from the 
interface is totally polarised, when u = tan ig 
where u is the refractive index of glass with 
respect to air and ig is the Brewster's angle. 


yf (Delhi 2014) 
Xo, 


(a) Distinguish between linearly polarised 
Sh and unpolarised light. 

(b) Show that the light waves are transverse 
in nature. 

(c) Why does light from a clear blue portion 
of the sky show a rise and fall of intensity 
when viewed through a polaroid which is 


Dual Nature of 
Radiation and Matte 
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11.5 Photoelectric Effect and Wave Theory of 11.8 Wave Nature of Matter 
Light 11.9 Davisson and Germer Experiment 


Topicwise Analysis of Last 10 Years’ CBSE Board Questions (2019-2010) 











SA I] C] LA 
15 nnn ee eee ee eee ee eee nee ee eee teen ete eee: 
fe HM ves ate ease ee are enpu~tnrareacesarndedtauce Abageismse eine en saRrae 
N 
[= 
k- 
brs 9 rete epee, Ue a ee ee a ee ee ee ee Se ee Se ee ee ee i 
Q 
= 
g“ 
ps 
© 
TE ay 
2 
E 
Z 
i (oes) =3=—o//) - -----------.. 
0 
LZ E E 1.9 
Topic ——> 
< 
>» Maximum weightage is of Experimental study of Experimental study of photoelectric effect. m WwW 
Photoelectric Effect mpa 
>» Maximum SA Il type questions were aske. <— 
>» Maximum VSA type questions were asked from from Experimental study of Photoelectric Effect 4 W 
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IO 
QUICK RECAP E 
D <L 
© Electron emission : It is the phenomenon of It is denoted by ®ọ or W, and measured in | 
emission of electrons from the surface of a electron volt (eV). E) 
metal. The minimum energy needed by an he | 


. Work functio 
electron to come out from a metal surface rk function W = hvg 


j “ ` š ` A ) 
is known as “work function” of the metal. 


pual Nature of Radiation and Matter 


11.3 Photoelectric Effect 


VSA | (1 mark) 


l. 


two 


11.4 Experimental 





3. 


Define the term “threshold frequency”, in the 
context of photoelectric emission. 


(Delhi 2019) 
Define the term “Intensity” in photon picture 
of electromagnetic radiation. (Delhi 2019) 


Study 
Photoelectric Effect 


of 


(1 mark) 


The figure shows the variation of stopping 
potential Vọ with the frequency v of the 
incident radiations for two photosensitive 
metals P and Q. Which metal has smaller 
threshold wavelength ? Justify your answer. 

P .Q 






1.0 (x10 s-}) v 


(AI 2019) 


Draw graphs showing variation of 
photoelectric current with applied voltage for 
two incident radiations of equal frequency 
and different intensities. Mark the graph for 
the radiation of higher intensity. (2018) 


In photoelectric effect, why should the 
photoelectric current increase as the intensity 
of monochromatic radiation incident on a 
photosensitive surface is increased? Explain. 
(Foreign 2014) 
The given graph i 
shows the variation of ] 
Photoelectric current (I) 
versus applied voltage 
for two different 
Photosensitive materials 
and for two different 
intensities of the 
incident radiations. 
Identify the pairs of curves that correspond 
to different materials but same intensity of 
incident radiation.? (Delhi 2013) 


10. 


ik. 
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Show on a plot the nature of variation of 
photoelectric current with the intensity of 
radiation incident on a photosensitive surface. 

(Delhi 2013C) 


Why is photoelectric emission not possible at 
all frequencies? (AI 2012C) 


Define the term ‘stopping potential in 
relation to photoelectric effect. (AI 2011) 


Define the term ‘threshold frequency in 
relation to photoelectric effect. 
(Foreign 2011) 


For a given photosensitive material and with 
a source of constant frequency of incident 
radiation, how does the photocurrent vary 
with the intensity of incident light? 

(AI 2011C) 


BSN (2 marks) 


| iy 


is 


. (i) Monochromatic 


(a) Define the terms, (i) threshold frequency 
and (ii) stopping potential in photoelectric 
effect. 

(b) Plot a graph of photocurrent versus 
anode potential for a radiation of frequency 
v and intensities 1, and I, (J, < D). 

(Delhi 2019) 
light of frequency 
6.0 x 10'* Hz is produced by a laser. The 
power emitted is 2.0 x 10° W. Estimate the 
number of photons emitted per second on an 
average by the source. 

(ii) Draw a plot showing the variation of 
photoelectric current versus the intensity of 
incident radiation on a given photosensitive 
surface. (Delhi 2014) 


monochromatic radiations of 
frequencies V; and v,(v, > Vv) and having 
the same intensity are in turn, incident on a 
photosensitive surface to cause photoelectric 
emission. Explain, giving reason, in which 
case (i) more number of electrons will be 
emitted and (ii) maximum kinetic energy 
of the emitted photoelectrons will be more. 
(Delhi 2014C) 


Plot a graph showing the variation of stopping 
potential with the frequency of incident 


Two 


radiation for two different photosensitive 
materials having work functions W, and 
W,(W, > W,). On what factors does the (i) 
slope and (ii) intercept of the lines depend? 

(Delhi 2010) 


. Two monochromatic radiations, blue and 
violet, of the same intensity, are incident 
on a photosensitive surface and cause 
photoelectric emission. Would (i) the number 
of electrons emitted per second and (ii) the 
maximum kinetic energy of the electrons, be 


equal in the two cases? Justify your answer. 
(Delhi 2010C) 





z] 


i | 
an 


"y: (3 marks) 


17. In the study of a photoelectric effect the 
graph between the stopping potential V and 
frequency v of the incident radiation on two 
different metals P and Q is shown in: 





4 
j o 
V 2 
(V) 
0 
2 zA 5 6 
2 V(x 10!) Hz —> 


(i) Which one of the two metals has higher 
threshold frequency? 

(ii) Determine the work function of the 
metal which has greater value. 

(iii) Find the maximum kinetic energy of 
electron emitted by light of frequency 
8 x 10°" Hz for this metal. (Delhi 2017) 


. Using photon picture of light, show how 
Einsteins photoelectric equation can be 
established. Write two features of photoelectric 
effect which cannot be explained by wave 
theory. (Al 2017) 


19. Explain giving reasons for the following: 


(a) Photoelectric current in a photocell 
increases with the increase in the 
intensity of the incident radiation. 


(b) The stopping potential (V,) varies linearly 
with the frequency (v) of the incident 
radiation for a given photosensitive 
surface with the slope remaining the 
same for different surfaces. (2/3, Al 2017) 
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X. The following graph shows the variation of 


al Photocurrent 


21. 


22. 


23. 


photocurrent for a photosensitive metal: 


| 































A 0O X 
(a) Identify the variable X on the horizontal 
axis. 
What does the point A on the horizontal 


/ 


(b) 
axis represent? 
Draw this graph for three different values 
of frequencies of incident radiation v}, v, 
and V; (V; > V, > V3) for same intensity. 
Draw this graph for three different values 
of intensities of incident radiation J), I, 
and I; (I, > I, > 1,) having same frequency. 
(AI 2017) 


Sketch the graphs showing variation of 
stopping potential with frequency of incident 
radiations for two photosensitive materials 
A and B having threshold frequencies U4 > Up. 


(c) 


(d) 


(i) In which case is the stopping potential 


more and why? 
(ii) Does the slope of the graph depend on 
the nature of the material used ? Explain. 
(AI 2016) 


Plot a graph showing the variation of 
photoelectric current with intensity of light. 
The work function for the following metals is 
given. 

Na: 2.75 eV and Mo: 4.175 eV. 


Which of these will not give photoelectron 
emission from a radiation of wavelength 
3300 A from a laser beam? What happens if 
the source of laser beam is brought closer? 

(Foreign 2016) 


Define the term “cut off frequency” in 
photoelectric emission. The threshold 
frequency of a metal is f. When the light of 
frequency 2f is incident on the metal plate, 
the maximum velocity of photo-electron is v}. 
When the frequency of the incident radiation 
is increased to 5f, the maximum velocity o 
photoelectrons is v,. Find the ratio v; : v 

(Foreign 2016 


pal Nature of Radiation and Matter 


pescribe briefly three 
i observed features in the 
photoelectric effect. 


experimentally 

Phenomenon of 

(2/3, AI 2015) 

A beam of monochromatic radiation iş 

incident on a photosensitive surface, Answer 
the following questions giving reasons. 

(a) Do the emitted Photoelectrons have the 

same kinetic energy? 

(b) Does the kinetic energy of the emitted 

T electrons depend on the intensity of 

incident radiation? 
(c) On what factors doe 


s the number of 
emitted photoelectron 


s depend? 
(Foreign 2015) 
26. Define the terms (i) ‘cut-off voltage and (ii) 
threshold frequency in relation to the 


phenomenon of photoelectric effect. 


(2/3, AI 2012) 
27, Draw a graph between the frequency of 
incident radiation (U) and the maximum 
kinetic energy of the electrons emitted from 
the surface of a photosensitive material. 
State clearly how this graph can be used to 
determine (i) Planck’s constant and (ii) work 
function of the material. (Foreign 2012) 
28. Draw a graph showing the variation of 
stopping potential with frequency of incident 
radiation for two photosensitive materials 
having work functions W, and W,(W, >W,). 
Write two important conclusions that can be 
drawn from the study of these plots. 
(AI 2012C) 


%. Draw a plot showing the variation of 
Photoelectric current with collector plate 
Potential for two different frequencies, 
Vi > V5, of incident radiation having the same 
intensity. In which case will the stopping 
Potential be higher? Justify your answer. 


(AI2011) 
T (5 marks) 


ià Figure shows a plot of stopping poterpal 
Vo) with frequency (V) of incident radiatio 
for two photosensitive material Mı E 
plain | . 
ti) why the slope of both the lines 1s — 
ü) for which material emitted apo À 
have greater kinetic energy ors Es 
frequency of incident radiation’ 
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M, M, 


v 


(3/5, AI 20150) 


31. Define the terms ‘threshold frequency’ 
and ‘stopping potential’ in the study of 
photoelectric emission. (2/5, Foreign 2010) 


11.5 Photoelectric Effect 
Wave Theory of Light 


| SAL (2 marks) 


32. Why is wave theory of electromagnetic 
radiation not able to explain photoelectric 
effect ? How does photon picture resolve this 
problem? (Delhi 2019) 


| SATII | (3 marks) 


33. Discuss briefly how wave theory of light cannot 
explain photoelectric effect. (2/3, AI 2015) 


34. Why photoelectric effect cannot be explained 
on the basis of wave nature of light? 


(2/3, Delhi 2013) 
(5 marks) 


35. Write three observed features of photoelectric 
effect which cannot be explained by wave 
theory of light. (2/5, AI 2015C) 

36. Explain briefly the reasons why wave theory 


of light is not able to explain the observed 
features in photoelectric effect. 


(2/5, Foreign 2010) 
11.6 Einstein’s Photoelectric 
Equation : Energy Quantum 
of Radiation 


(1 mark) 


37. Name the phenomenon which shows the 
quantum nature of electromagnetic radiation. 


(AI 2017) 
(2 marks) 


38. If light of wavelength 412.5 nm is incident on 
each of the metals given in table, which one 
will show photoelectric emission and why? 


and 





178 










Work Function (eV) i 
1.92 


Metal 





(2018) 


139, Using the graph shown in the figure for stopping 
potential versus the incident frequency of 
photons, calculate Planck's constant. 

V (volts) 


246 810 v(104Hz) 
(Delhi 2015C) 


40. Write Einsteins photoelectric equation. State 
clearly the three salient features observed in 
photoelectric effect, which can be explained 
on the basis of the above equation. (AI 2010) 


yE (3 marks) 


41. (i) How does one explain the emission of 
electrons from a photosensitive surface with 
the help of Einstein’s photoelectric equation? 





(ii) The work function of the following 
metals is given : Na = 2.75 eV, K = 2.3 eV, 
Mo = 4.17 eV and Ni = 5.15 eV. Which of 
these metals will not cause photoelectric 
emission for radiation of wavelength 3300 A 
from a laser source placed 1 m away from 
these metals? What happens if the laser 
source is brought nearer and placed 50 cm 
away? (Delhi 2017) 


42. (i) State two important features of Einstein’s 
photoelectric equation. 
(ii)Radiation of frequency 10'° Hz is incident 
on two photosensitive surfaces P and Q. 
There is no photoemission from surface P. 
Photoemission occurs from surface Q but 
photoelectrons have zero kinetic energy. 
Explain these observations and find the value 
of work function for surface Q. (Delhi 2017) 
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43. Give reason for maximum kinetic energi 
of the photoelectrons is independent of t 
intensity of incident radiation. 

(1/3, Al 201 

44. Write three characteristic features i 
photoelectric effect which cannot 
explained on the basis of wave theory of ligh 
but can be explained only using Einsteit 
equation. (Delhi 201¢ 


45. Write Einsteins photoelectric equatio 
and mention which important features i 
photoelectric effect can be explained with t 
help of this equation. 


The maximum kinetic energy of t 
photoelectrons gets doubled when t 
wavelength of light incident on the surfa¢ 
changes from A, to À>. Derive the expressio 
for the threshold wavelength Aj and wor 
function for the metal surface. (Delhi 201 


46. Light of wavelength 2000 A falls on a met 
surface of work function 4.2 eV. What is tl 
kinetic energy (in eV) of the fastest electror 
emitted from the surface? 

(i) What will be the change in the energy 
the emitted electrons if the intensity of lig 
with same wavelength is doubled? 
(ii) If the same light falls on another surfa¢ 
of work function 6.5 eV, what will be t 
energy of emitted electrons? (Foreign 201 


(5 marks) 


47. Explain how Einstein's photoelectric equatic 
is used to describe photoelectric effe 
satisfactorily. (3/5, AI 2015% 


11.7 Particle Nature of Light : Th 
Photon 


(1 mark) 


48. Define intensity of radiation on the basis 
photon picture of light. Write its SI unit. 


(Al 201 
49. Define intensity of radiation in photon pict 
of light. (Delhi 201 


F - 
=e Nature of Radiation and Matter 
F ` 


(2 marks) 


y three basic properties of photons which 
G used to obtain Einstein's photoelectric 
equation. Use this equation to draw a plot 
of maximum kinetic energy of the electrons 
emitted versus the frequency of incident 

| 


( | radiation. (Al 2014C) 


PsA Il | (3 marks) 


y In the wave picture of light, intensity of light 
is determined by the square of the amplitude 
of the wave. What determines the intensity in 
the photon picture of light? (2/3, AI 2016 ) 


52. (a) Write the important properties of 
photons which are used to establish Einstein's 
photoelectric equation. 

(b) Use this equation to explain the concept of 
(i) threshold frequency and (ii) stopping 
potential. (AI 2015) 


53. Write the basic features of photon picture of 
electromagnetic radiation on which Einstein's 


photoelectric equation is based. 
(2/3, Delhi 2013) 


34. Write Einsteins photoelectric equation and 
Point out any two characteristic properties 
of photons on which this equation is based. 
Briefly explain the three observed features 
which can be explained by this equation. 

(AI 2013) 


35. State three important properties of photons 
which describe the particle picture of 
electromagnetic radiation. (Delhi 2013C) 
©. Write Einstein's photoelectric equation. 
Mention the underlying properties 0 
Photons on the basis of which this equation Is 
Obtained. Write two important observ sad 
of photoelectric effect which can be ar 
by Einstein's equation. = 2 7 l 

' Write Einstein's photoelectric parent 
Clearly how this equation is obtained using 


ic radiation. 
Photon picture of electromagnetic | 
s observed in 


be explained 
(Delhi 2012) 


ations 


Write the three salient feature 

` . “an 
Photoelectric eftect which cal 
“Wing this equation. 
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98. Write two characteristic features observed in 
photoelectric effect which support the photon 
picture of electromagnetic radiation. 

(2/3, Foreign 2012) 

59. Write photoelectric equation, 
giving the main points of the photon-picture 
of electromagnetic radiation on which this 
equation is based. State three observed 
features of photoelectric effect which can be 
explained by Einsteins equation. (AI 2012C) 


60. (a) Ultraviolet light of wavelength 2271 A 
from a 100 W mercury source is incident on a 
photocell made of molybdenum metal. If the 
stopping potential is 1.3 V, estimate the work 
function of the metal. 

(b) How would the photocell respond to high 
intensity (10° W/m”) red light of wavelength 
6328 A produced by a He - Ne laser? 

(Delhi 2011C) 


11.8 Wave Nature of Matter 
(1 mark) 


61. Draw a plot showing the variation of 
de-Broglie wavelength of electron as a 
function of its K.E. (Delhi 2015C) 


62. Write the expression for the de-Broglie 
wavelength associated with a charged particle 
having charge ‘q and mass ‘m’, when it is 
accelerated by a potential V. (AI 2013) 

63. A proton and an electron have same kinetic 
energy. Which one has greater de-Broglie 
wavelength and why? (AI 2012) 

64. Show on a graph the variation of the 
de-Broglie wavelength (A) associated with an 
electron, with the square root of accelerating 
potential (V). (1/3, Foreign 2012) 


the variation of the 


Einstein’s 


65. Show graphically, 
de-Broglie wavelength (A) with the potential 
(V) through which an electron is accelerated 
(Delhi 2011) 


de-Broglie 


from rest. 
66. Write the 
wavelength A associated with a particle of 
mass + in terms of its kinetic energy E. 
(Delhi 2011C) 


relationship of 






particle is moving three times as fast 
Jas an electron. The ratio of the de-Broglie 
~ wavelength of the particie to that of the 
U “electron is 1.813 x 10 *. Calculate the particle's 
(Al 2011C) 


= 


l ) 7 mass and identify the wantiel 


=m (2 marks) 


%8, An Q-particle and a proton are accelerated 
z a through the same potential difference. Find 
(n < the ratio of their de Broglie wavelengths. 

= (Delhi 2017) 


69. The wavelength A of a photon and the de 
Broglie wavelength of an electron have the 
same value. Show that energy of a photon is 
(2A mc/h) times the kinetic energy of electron, 
where m, c and h have their usual meaning. 

(Foreign 2016) 


70. A proton and an c-particle have the same 
de-Broglie wavelength. Determine the ratio of 
(i) their accelerating potentials 
(ii) their speeds. (Delhi 2015) 
71. A proton and a deuteron are accelerated 
through the same accelerating potential. 
Which one of the two has 
(a) greater value of de-Broglie wavelength 
associated with it, and 
(b) less momentum? 
Give reasons to justify your answer. 


(Delhi 2014) 
72. X-rays fall on a photosensitive surface to 
cause photoelectric emission. Assuming 


that the work function of the surface can 
be neglected, find the relation between the 
de-Broglie wavelength (A) of the electrons 
emitted and the energy (E,) of the incident 
photons. Draw the nature of the graph for A 
as a function of E,. (Delhi 2014C) 


73. An a@-particle and a proton are accelerated 
from rest by the same potential. Find the ratio 
of their de Broglie wavelengths. 

- (Al 2010) 


~yiWiMe (3 marks) 


74. Obtain an expression for the ratio of the 
accelerating potentials required to accelerate 

a proton and an c-particle to have the same 
de-Broglie wavelength associated with them. 
(2/3, Al 2019) 


as 


76. 


Ik. 


11.9 Davisson and Germer 


(1 mark) 


78. 


79. 
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An electron and a proton are accelera 

through the same potential. Which one of 

two has 

(i) greater value of de-Broglie wavele 
associated with it, and 

(ii) lesser momentum? 

Justify your answer in each case. 

(b) How is the momentum of a part 
related with its de-Broglie waveleng 
Show the variation on a graph. (AI 20 


An electron microscope uses electr 
accelerated by a voltage of 50 kV. Deter 
the de Broglie wavelength associated 
the electrons. Taking other factors, suc 
numerical aperture etc. to be same, how d 
the resolving power of an electron microsc 
compare with that of an optical micros 
which uses yellow light? (AI 20 


An electron and a photon each hav 

wavelength 1.00 nm. Find 

(i) their momenta, 

(ii) the energy of the photon and 

(iii) the kinetic energy of electron. 
(Delhi 2( 


Experiment 


Figure shows a plot of ——, where V is 


l 
Ww 
accelerating potential, versus. the de-Bre 
wavelength ‘A’ in the case of two part 
having same charge ‘q but different m 
m, and m,. Which line (A or B) represe 
particle of large mass? 


A 


O A  (AI20 


Name an experiment which shows 
nature of electrons. Which phenomenon 
observed in this experiment using an eleg 


beam? (Foreign 2 


Dual Nature of Radiation and Matter 


(2 marks) 





80. 


81. 


82, ° 


An electron is accelerated through a potential 
difference of 100 volts. What is the de-Broglie 
wavelength associated with it? To which part 
of the electromagnetic spectrum does this 
value of wavelength correspond? (Delhi 2010) 


Find the ratio of the de Broglie wavelengths, 

associated with 

(i) protons, accelerated through a potential 

of 128 V, and 

(ii) &-particles, accelerated through a 
potential of 64 V. (Delhi 2010C) 

e two lines marked ‘A’ and ‘B’ in the given 
e, show a plot of de-Broglie wavelength 


À ea where V is the accelerating 


VV 


Jer and * 
potential, for two nuclei {H and 1H. 
(i) What does the slope of the lines represent? 
(ii) Identify which lines cor respond to these 


nuclei. 
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O JV 
(AI 2010C) 


| SAIL (3 marks) 


83. State briefly, with what purpose was Davisson 


84. 


and Germer experiment performed and what 
inference was drawn from this. 

(1/3, AI 2019) 
(a) Describe briefly how the Davisson- 
Germer experiment demonstrated the wave 
nature of electrons. 
(b) An electron is accelerated from rest 
through a potential V. Obtain the expression 
for the de-Broglie wavelength associated with 


it. (Foreign 2014) 
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| 
Topic ——> | 
a 
>» Maximum weightage is of Bohr Model of the were asked from Bohr Model of the Hydrogen Aton 
bpirogenAtom: >> Maximum SA I, type questions were aske t 
| from the Line Spectra of the Hydrogen Atom. 1 


>» Maximum VSA and SA Il and LA type questions 


QUICK RECAP : 


p) 

© Thomsons model model, the positive charge of the atom 

of atom : It was is uniformly distributed throughout "O 
proposed by J. J. volume of the atom and the negativel a- 
Thomson in 1898. charged electrons are embedded in it like 
According to this seeds in a watermelon. E 











a 
=) 
cD 






Positively 
Charged 





Electron 
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Previous Years’ CBSE Board Questions 





12.2 Alpha-Particle scattering and 
Rutherford’s Nuclear Model 
of Atom 


(1 mark) 


1. Why is the classical (Rutherford) model for an 
atom of electron orbiting around the nucleus 
not able to explain the atomic structure? 

(Delhi 2012C) 


SSAU (2 marks) 


2. Define the distance of closest approach. An 
&-particle of kinetic energy ‘K’ is bombarded 
on a thin gold foil. The distance of the closest 


approach is ‘r. What will be the distance of 


closest approach for an «-particle of double 
the kinetic energy? (Delhi 2017) 


3. Write twoimportant limitations of Rutherford 
(Delhi 2017) 


model of the 


nuclear model of the atom. 


4. Using Rutherford’s atom, 


derive the expression for the total energy of 


the electron in hydrogen atom. What is the 
significance of total negative energy possessed 
by the electron? (Al 2014) 
5. In an experiment on O-particle scattering 
by a thin foil of gold, draw a graph showing, 
the number of particles scattered versus the 
scattering angle ©. Why is it that a very small 
fraction of the particles are scattered at 0 > 90°? 
Write two important conclusions that can be 
drawn regarding the structure of the atom 

from the study of this experiment. 
(Foreign 2013) 


| SAI (3 marks) 


6. Explain briefly how Rutherford scattering of 
g-particle by a target nucleus can provide 
information of the size of the nucleus. 

(2/3, Delhi 2019) 
arrangement of the 


Draw a schematic 


NJ 


Geiger ~ Marsden experiment for studying 
g-particle scattering by a thin foil of gold. 


Describe briefly, by drawing trajectories of 


(5 marks) 


9, 


12.3 Atomic Spectra 
SAI (2 marks) 


10. Calculate the shortest wavelength in t 


12.4 Bohr Model of the Hydroge 


(1 mark) 


l. 


| SAL | (2 marks) 


14. 


. Define ionisation energy. What is its value fý 
a hydrogen atom? (AI 201 
. State Bohrs quantisation condition f 
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the scattered o-particles, how this study ca 
be used to estimate the size of the nucleus. 

(Foreign 20] 
State the basic assumption of the Rutherfoy 
model of the atom. Explain, in brief, why th 
model cannot account for the stability of a 


atom. (Delhi 20106 


In Rutherford scattering experiment, dra 
the trajectory traced by a-particles in t 
coulomb field of target nucleus and expla 
how this led to estimate the size of the nucleu 

(3/5, AI 20156 


Balmer series of hydrogen atom. In whid 
region (infrared, visible, ultraviolet) 
hydrogen spectrum does this wavelength lie 


(Al 201 


Atom 


What is the ratio of radii of the orbi 
corresponding to first excited state a 
ground state in a hydrogen atom? 


(Delhi 201 


defining stationary orbits. (Foreign 201 


SHOT ON REDMI Y3 


State Bohr’s condition 


angular momentum. Calculate the short 


quantization 


wavelength of the Brackett series and state 


which part of the electromagnetic spectru 


shiney OOD? 
does it belong. (Delhi 201 


atoms 
5. pind out the wavelength of the electron 
” biting in the ground state of hydrogen 
| (Delhi 2017) 
State Bohr postulate of hydrogen atom that 
gives the relationship for the frequency of 
omitted photon in a transition. 
(Foreign 2016) 
‘how that the radius + 
Show : ar of the orbit in hydrogen 
atom varies as n, where n is the principal 
uantum number of the atom. (Delhi 2015) 


atom. 


yes Bohr’s postulates of the atomic model 
derive the expression for the radius of „th 
electron orbit. Hence obtain the expression 
for Bohr’s radius. (AI 2014) 


19, In the ground state of hydrogen atom, its 
Bohr radius is given as 5.3 x 10! m. The 
atom is excited such that the radius becomes 
21.2 x 10'' m. Find (i) ‘the value of the 
principal quantum number and (ii) the total 
energy of the atom in this excited state. 

(Delhi 2013C) 


SAT (3 marks) 


20. Using Bohr’s postulates, derive the expression 
for the orbital period of the electron moving 
in the n? orbit of hydrogen atom. 

(2/3, AI 2019) 


21. A hydrogen atom initially in the ground state 


absorbs a photon which excites it to then =4 


level. Estimate the frequency of the photon. 
(1/3, 2018) 

22. (a) The radius of the innermost electron 
53x10 m. 


orbit of a hydrogen atom is 

Calculate its radius in n = 3 orbit. | 

(b) The total energy of an electron 1 wae 

first excited state of the hydrogen atom be 

3.4 eV. Find out its (i) kinetic energy and (ii) 

potential energy in this state. (Delhi me 
23, Using Bohr’s postulates, obtain the expression 


in the 
for the energy of the electron in 
total gy stom. Hence 


Stationary states of the hydrogen ing how 
draw the energy level diagram A 
the line spectra corresponding a energy 
n k, twee 
Series to transition D€ 

mary occur due (Delhi 2013) 
Pa i atom 
the -efiergy tevzluc al 2 eh of the 

are swyyay ESA © ie ag We. i 


ms 
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shown transitions will result in the emission 
of a photon of wavelength 275 nm? 

Which of these transitions correspond to 
emission of radiation of (i) maximum and 
(ii) minimum wavelength? 

0 eV 

-2 eV 


-4.5 eV 





-10 eV 
(Foreign 2013, 2011) 


25. Using Bohr’s postulates for hydrogen atom, 
show that the total energy (E) of the electron 
in the stationary states can be expressed as 
the sum of kinetic energy (K) and potential 
energy (U), where K = -2U. Hence deduce 
the expression for the total energy in the n” 


energy level of hydrogen atom. 
(Foreign 2012) 


26. Using the postulates of Bohrs model of 
hydrogen atom, obtain an expression for the 
frequency of radiation emitted when atom 
make a transition from the higher energy 
state with quantum number n; to the lower 


energy state with quantum number ny (Mp< Nj). 
(Foreign 2011) 


27. Using the relevant Bohr’s postulates, derive 
the expressions for the 
(a) speed of the electron in the n™ orbit, 
(b) radius of the n orbit of the electron, in 
hydrogen atom. (Delhi 2010C) 
28. State any two postulates of Bohr'’s theory of 
hydrogen atom. 
What is the maximum possible number of 
spectral lines observed when the hydrogen 
atom is in its second excited state? Justify your 
answer. Calculate the ratio of the maximum 
and minimum wavelengths of the radiations 
emitted in this process. (AI 2010C) 


GWA (5 marks) 


29. (a) Write two important limitations of 
Rutherford model which could not explain 
the observed features of atomic spectra. How 

re these explained in Bohr’s model of 





we 
hydrogen atom? 
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(b) Using Bohrs postulates, obtain the 
expression for the radius of the n" orbit in 


hydrogen atom. (4/5, Delhi 2015C) 


30. Using Bohr’s postulates, derive the expression 
for the total energy of the electron in the 
stationary states of the hydrogen atom. 

(3/5, Foreign 2014) 
\3J. (a) Using Bohr’s theory of hydrogen atom, 

7% derive the expression for the total energy of 
the electron in the stationary states of the 
atom. 

b) If electron in the atom is replaced by a 
particle (muon) having the same charge but 
mass about 200 times as that of the electron 
to form a muonic atom, how would (i) the 
radius and (ii) the ground state energy of this 
be affected? (3/5, Delhi 2012C) 
32. Using postulates of Bohr’s theory of hydrogen 
atom, show that 
(i) the radii of orbits increase as n’, and 
(ii) the total energy of the electron increase 
as 1/n°, where n is the principal quantum 
number of the atom. (3/5, AI 2011C) 


12.5 The Line Spectra of the 
Hydrogen Atom 


(1 mark) 


33. When is H, line of the Balmer series in 
the emission spectrum of hydrogen atom 
obtained? (Delhi 2013C) 

34. What is the maximum number of spectral 
lines emitted by a hydrogen atom when it is 
in the third excited state? (Al 2013C) 


(2 marks) 


35. Calculate the orbital period of the electron in 
the first excited state of hydrogen atom. 
(Delhi 201 9) 


6. A 12.75 eV electron beam is used to excite a 
gaseous hydrogen atom at room temperature, 


Determine the wavelengths and the 
corresponding series of the lines emitted. 
(AI 2017) 


37. ‘The short wavelength limit for the Lyman 
series of the hydrogen spectrum is 913.4 À. 
Calculate the short wavelength limit for 
Balmer series of the hydrogen spectrum. 
Fea EAM) 41 2017) 





38. 


39. 


40. 


41. 


42. 
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The ground state energy of hydrogen atom is 
- 13.6 eV. If an electron makes a transition 
from an energy level - 1.51 eV to - 3.4 eV, 
calculate the wavelength of the spectral line 
emitted and name the series of hydrogen 
spectrum to which it belongs. (AI 2017) 


Define ionization energy. How would. the 
ionization energy change when electron in 
hydrogen atom is replaced by a particle of 
mass 200 times that of the electron but having 
the same charge? (AI 2016) 


An electron jumps from fourth to first orbit 
in an atom. How many maximum number of 
spectral lines can be emitted by the atom? To 
which series these lines correspond? 

(Foreign 2016) 


The figure shows energy level diagram of 
hydrogen atom. 


A B C 





m= ] 


(a) Find out the transition which results in 
the emission of a photon of wavelength 496 nm. 
(b) Which transition corresponds to 
the emission of radiation of maximum 
wavelength? Justify your answer. (AI 2015C) 


(i) In hydrogen atom, an electron undergoes 
transition from 2" excited state to the first 
excited state and then to the ground state. 
Identify the spectral series to which these 
transitions belong. 

(ii) Find out the ratio of the wavelengths of 
the emitted radiations in the two cases. 


(AI 2012C) 


ASIE (3 marks) 


43. 


44. 


Write Rydbergs formula for wavelengths 
of the spectral lines of hydrogen spectrum. 
Mention to which series in the emission 
spectrum of hydrogen, H,, line belongs. 

(1/3, Al 2019) 
Using Rydberg formula, calculate the longest 
wavelength belonging to Lyman and Balmer 
series of hydrogen spectrum, In which region 
these transitions lie? (3/5, Foreign 2015) 


Atoms 


45, A 12.5 eV electron beam is used to bombard 
gaseous hydrogen at room temperafure. Upto 
which energy level the hydrogen atoms would 
þe excited? 

Calculate the wavelengths of the first member 
of Lyman and first member of Balmer series. 
(Delhi 2014) 

46. The value of ground state energy of hydrogen 
atom is -13.6 €V. 

(i) Find the energy required to move an 
electron from the ground state to the first 
excited state of the atom. 
(ii) Determine (a) the kinetic energy and 
(b) orbital radius in the first excited state of 
the atom. 
(Given the value of Bohr radius = 0.53 Å). 

. (AI 2014C) 


47. The electron in hydrogen atom is initially in 
the third excited state. What is the maximum 
number of spectral lines which can be emitted 
when it finally moves to the ground state? 

(1/3, Delhi 2012) 


48. The ground state energy of hydrogen atom 
is -13.6 eV. If an electron makes a transition 
from an energy level - 0.85 eV to -3.4 eV, 
calculate the wavelength of the spectral 
line emitted. To which series of hydrogen 


spectrum does this wavelength belong? 
(AI 2012) 


49. The electron in a given Bohr orbit has a total 
energy of -1.5 eV. Calculate its 
(i) kinetic energy. (ii) potential energy. 
(iii) wavelength of radiation emitted, when 
this electron makes a transition to the ground 
State. 
[Given : Energy in the ground state a 13.6 eV 
and Rydberg’s constant = 1.09 x 10 m`] 


(Delhi 2011C) 
A (5 marks) 


30. Using ; 
Sing Rydberg formula, n 
wavelengths of the spectral lines of the first 


member of the Lyman series and of the 
(2/5, Foreign 2014) 


calculate the 


Balmer series. 

5 | ; i i 
A. 1 Sing 8ebr's postulaces, derive t 
lo: the frequency of radiation € 


he expression 
mjtted when 


— 


299 


electron i 
in hydrogen atom undergoes 


a from higher energy state (quantum 
i ni) to the lower state, (n). When 
ctron in hydrogen atom jumps from energy 
state A; = 4 to n= 3, 2, 1. Identify the spectral 
series to which the emission lines belong. 

(AI 2013) 
Calculate the wavelength of the first spectral 
line in the corresponding Lyman series of 
hydrogen atom. (2/5, Delhi 2012C) 
53. Calculate the wavlength of H, line in Balmer 


series of hydrogen atom, given Rydberg 
constant R = 1.097 x 10’ m`’. 


Dime 


(2/5, AI 2011C) 


12.6 de Broglie’s Explanation of 
Bohr’s Second Postulate of 
Quantisation 


(1 mark) 


54. State de-Broglie hypothesis. (Delhi 2012) 


(2 marks) 


x Obtain the expression for the ratio of the 
de Broglie wavelengths associated with the 
electron orbiting in the second and third 
excited states of hydrogen atom. (Delhi 2019) 
56. Calculate the de-Broglie wavelength of the 
electron orbiting in the n = 2 state of hydrogen 
atom. (AI 2016) 
57. Use de-Broglie’s hypothesis to write the 
relation for the n™ radius of Bohr orbit in 
terms of Bohr’s quantization condition of 
orbital angular momentum. (Foreign 2016) 


Sim (3 marks) | 


58. State Bohr’s postulate to define stable orbits 
in hydrogen atom. How does de Broglie's 
hypothesis explain the stability of these 
orbits? (2/3, 2018) 


59. (i) State Bohr’s quantization condition for 
defining stationary orbits. How does de-Broglie 
hypothesis explain the stationary orbits ? 

(ii) Find the relation between the three 
wavelengths A,, A, and Às from the energy 
level diagram shown in the figure. 


Nuclei 





13.2 Atomic Masses and Composition of 13.5 Nuclear Force 


Nucl 
| ; jiis 13.6 Radioactivity 
13.3 Size of the Nucleus 12.7 Nudiear Energy 


13.4 Mass-Energy and Nuclear Binding Energy 


Topicwise Analysis of Last 10 Years’ CBSE Board Questions (2019-2010) 


N 
= 
© 
= 
N 
V 
5 
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Maximum weightage is of Radioactivity. Maximum SA | type questions were asked 


Maximum VSA, SA Il and LA type questions from Nuclear Energy. 


were asked from Radioactivity. 


QUICK RECAP 





© Composition of the Nucleus nucleus is called its atomic number and is 
> The nucleus of an atom contains protons denoted by Z. The total number of protons 
and neutrons which are collectively known and neutrons in a nucleus is called its mass 


as nucleons. The number of protons in a number and is denoted by A. 








> O 
73.3 Size of the Nucleus 


ST 0 mark) 


', How is the radius of a nucleus related to its 


(1 mass number A? {Al 2013C, 2011C ) 


c+ A nucleus undergoes B -decay. How does its 
(1) mass number (ii) atomic number change? 
Sam (Dethi 2011C) 


| SAL | (2 marks) 


3. How is the size of a nucleus experimentally 
determined? Write the relation between the 
radius and mass number of the nucleus. Show 
that the density of nucleus is independent of 
its mass number. (Delhi 2012, 2011C) 


syi (3 marks) 
4. 


Show that density of nucleus is independent 
of its mass number A. (1/3, Delhi 2019) 


5. In the study of Geiger-Marsden experiment 
on scattering of @-particles by a thin foil of 
gold, draw the trajectory of @-particles in 
the coulomb field of target nucleus. Explain 
briefly how one gets the information on the 
size of the nucleus from this study. 

From the relation R = Ry A’, where Rọ is 
constant and A is the mass number of the 
nucleus, show that nuclear matter density is 
independent of A. (Delhi 2015) 


6. In a Geiger-Marsden experiment, calculate 
the distance of closest approach to the 
nucleus of Z = 80, when an @-particle of 
8 MeV energy impinges on it before it comes 
momentarily to rest and reverses its direction. 
How will the distance of closest approach 
be affected when the kinetic energy of the 
o-particle is doubled? (AI 2012) 


13.4 Mass-Energy and Nuclear 
Binding Energy 
(1 mark) 


Four nuclei of an element undergo fusion 
to form a heavier nucleus, with release of 
y. Which of the two — the parent or 


| LAW) \ 
SS. 





energ 


Aetea ee aman. Rn t iaauminnaane m- 
ee NR A Sal en 6 re OT Rk Ce eee tee. eat Arte ers 
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Previous Years’ CBSE Board Questions (Gig 


ELE ADL LES 





would have higher 
(2018) 


the daughter nucleus 
binding energy per nucleon? 


NM 02 marks) 


8. If both the number of protons and neutrons 
in a nuclear reaction is conserved, in what 
way is mass converted into energy (or vice 
versa)? Explain giving one example. 

(Delhi 2015C) 


9. Draw a plot of the binding energy per nucleon 
as a function of mass number for a large 
number of nuclei, 2 < A < 240. How do you 
explain the constancy of binding energy per 
nucleon in the range 30 < A < 170 using the 
property that nuclear force is short-ranged? 


(AI 2010) 
JASS (3 marks) 


10. Draw a graph showing the variation of 
binding energy per nucleon with mass 
number of different nuclei. Write any two 
salient features of the curve. How does this 
curve explain the release of energy both in the 
processes of nuclear fission and fusion? 

(AI 2019) 

11. Explain the processes of nuclear fission and 
nuclear fusion by using the plot of binding 
energy per nucleon (BE/A) versus the mass 
number A. 2018) 


12. Draw a plot of B.E./A versus mass number 
A tor 2 < A < 170. Use this graph to explain 
the release of energy in the process of nuclear 
fusion of two light nuclei. (Delhi 2014C) 

13. Distinguish between the phenomena of 
nuclear fission and fusion. 

Explain, using the graph for the B.E./A versus 

mass number (A), how the release in energy 

can be accounted for in the two processes. 
(Al 2014C, 2012C) 


. Answer the following points : 


4 
¥ (i) Why is the binding energy per nucleon 


found to be constant for nuclei in the range of 
mass number (A) lying between 30 and 170? 

(ii) When a heavy nucleus with mass number 
A = 240 breaks into two nuclei, A = 120 
energy is released in the process. (AI 2012C) 





nyo 


(5 marks) 






,) Draw the plot of binding energy per 
„udeon (B.E./A) as a function of mass 
„umber A. Write two important conclusions 
hat can be drawn regarding the nature of 


(id 


15. 


nuclear force. 

i) Use this graph to explain the release of 
energy in both the processes of nuclear fusion 
(Al 2013) 


and fission. 


13.5 Nuclear Force 


VSA (1 mark) 


16. Write any two characteristic properties of 
(AI 2011) 


nuciear force. 


(2 marks) 


I7. Draw a plot of potential energy of a pair of 
nucleons as a function of their separation. 
Write two important conclusions which you 
can draw regarding the nature of nuclear 
forces. (Al 2015, 2010) 

I8. Draw a graph showing the variation of 
potential energy between a pair of nucleons 
as a function of their separation. Indicate 
the regions in which the nuclear force is (i) 


attractive, (ii) repulsive. (AI 2012) 


SAI | (3 marks) 


‘9. Write three characteristic properties of 
(Al 2015) 


Nuclear force. 


13.6 Radioactivity 


ERNE i mark) 


0. Why is it found experimentally difficult to 
, 2 

detect neutrinos in nuclear B-decay* 

(Foreign 2015, 

5 , nie 

“L In both B` and B* decay processes the mass 


tè ~ ~ ereas 
amber of a nucleus remains same wh 


Al 2014) 


“a — yne in 

he atomic number Z increases by d 

fs : * decay. 

P decay and decreases by one 1M P : 
(Foreign 2014) 


is Explain giving reason. | 

“2 fh. P R poactive 
eh ne -piyi ; yen radio 
the activity of a $ 

vei (Al 2013) 


Substance Write its S.I. unit 
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23. What is the relationship between the half-life 
and mean life of a radioactive nucleus? 
(AI 2012C, Foreign 2011 ) 


(2 marks) 


24. Derive the expression for the law of 
radioactive decay of a given sample having 
initially Nọ decaying to the number N present 
at any subsequent time f. 

Plot a graph showing the variation of the 
number of nuclei versus the time lapsed. 
Mark a point on the plot in terms of T,,, value 
the number present N = Np/16. (Foreign 2013) 


25. In a given sample two radioisotopes A and 
B are initially present in the ratio of 1:4. The 
half lives of A and B are respectively 100 years 
and 50 years. Find the time after which the 


amounts of A and B become equal. 
(Foreign 2012) 


Sy: Wim (3 marks) 


26. A radioactive isotope has a half-life of 
10 years. How long will it take for the activity 
to reduce to 3.125%? (2018) 


i A radioactive nucleus ‘A’ undergoes a 


series of decays as given below: 
A> 4 > A,—> A, > A, 
we The mass number and atomic number of 
A,are,176 and 71 respectively, Determine 
the mass and atomic numbers of A, 
and A. 
gf) Write the nuclear 
underlying B* and B decays. 
(Delhi 2017) 
Write the basic nuclear process involved 
in the emission of B“ in a symbolic form, 
by a radioactive nucleus. 
(ii) In the reactions given below : 


basic processes 


28. (i) 


(a) {'C 5 B+x+v 
12.,12 20 € 
(b) Ct C=, NerjHe 


Find the values of x, y and z and a, b and c. 
(Al 2016) 


29. (a) Complete the following nuclear reactions: 
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30. 


e 


32. 


33. 


34. 


35. 


(po 32 ph, 
(ii) 
(b) Write the basic process involved in nuclei 
responsible for (i) P` and (ii) B* decay. | 
(c) Why is it found experimentally difficult 
to detect neutrinos? (AI 2015C) 
(a) Deduce the expression, N = Ny e™, for 
the law of radioactive decay. 
(b) (i) Write symbolically the process 
expressing the B“ decay of ?? Na. Also write the 
basic nuclear process underlying this decay. 
(ii) Is the nucleus formed in the decay of the 
nucleus ?? Na,an isotope or isobar? 

(Delhi 2014) 
(a) Define the term ‘activity’ of a sample of a 
radioactive nucleus. Write its S.I. unit. 


(b) The half-life of 33° U undergoing &-decay 
is 4.5 x 10° years. Determine the activity of 
10 g sample of 35°U . Given that 1 g of 3°U 

(AI 2014 C) 


(a) The number of nuclei of a given 
radioactive sample at time t = 0 and t= Tare N, 
and Nọ/n respectively. Obtain an expression 
for the half life (T,,,) of the nucleus in terms 
of n and T. 


eee eee 


32 32 « 
15 P -Fra S E a iu 


contains 25.3 x 10%” atoms. 


nuclear 


(b) Write the basic process 
underlying B decay of a given radioactive 
nucleus. - (Delhi 2013C) 


In B-decay, the experimental detection of 
neutrinos (or antinetrinos) is found to be 
‘extremely difficult. (1/3, AI 2012C) 


State the law of radioactive decay. 
Plot a graph showing the number (N) of 
undecayed nuclei as a function of time (t) 
for a given radioactive sample having half life 
T 1/2: 
Depict in the plot the number of undecayed 
nuclei at (i) t = 3T, and (ii) t = 57)». 

(Delhi 2011) 


(i) Define ‘activity’ of a radioactive material 


and write its S.I. unit. | 7 
(ii) Plot a graph showing variation of activity 
of a given radioactive sample with time. 

(iii) The sequence of stepwise decay of a 


radioactive nucleus 1s 


36. 


37. 
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SERT, TOn T, A 

If the atomic number and mass number of 
D, are 71 and 176 respectively, what are their 
(Delhi 2010) 


Write symbolically the P decay process of 
ris (1/3, AI 2010) 


What is the basic mechanism for the emission 
of B or B’ particles in a nucleid? Give an 
example by writing explicitly a decay process 
for B emission. Is (a) the energy of the 
emitted B-particles continuous or discrete: 
(b) the daughter nucleus obtained through 
B-decay, an isotope or an isobar of the parent 
(Delhi 2010C) 


corresponding values for D? 


nucleus. 


(5 marks) 


38. 


39. 


40. 


41. 


(a) Define the terms (i) half-life (T,,,) and 
(ii) average life (t). Find out their relationship 
with the decay constant (A). 

(b) A radioactive nucleus has a decay 
constant A= 0.3465 (day) '. How long would 
it take the nucleus to decay to 75% of its initial 
amount? (Foreign 2014) 


Write the basic nuclear process of neutron 
undergoing B-decay. Why is the detection of 
neutrinos found very difficult? 

(2/5, AI 2013) 


(a) Define the term ‘activity’ of a given sample 
of radionuclide. Write the expression for 
the law of radioactive decay in terms of the 
activity of a given sample. 

(b) A radioactive isotope has a half life of 
T years. How long will it take the activity to 
reduce to 3.125% of its original value? 

(c) When a nucleus (X) undergoes B-decay, 
the transforms to the nucleus (Y), does the 
pair (X, Y) form isotopes, isobars or isotones’ 
Justify your answer. (Delhi 2012C) 


(a) Derive the law of radioactive decay, V2: 
N=Ne™. 

(b) Explain, giving necessary reactions, how 
energy is released during (i) fission and (ii) 
fusion. (AI 2011 C) 


Nuclei 


13.7 Nuclear Energy 
SAI (2 marks) 


42, A nucleus with mass number A = 240 and 
B.E./A = 7.6 MeV breaks into two fragments 
each of A = 120 with B.E/A = 8.5 MeV. 
Calculate the released energy. (Delhi 2016) 


43. Calculate the energy in fusion reaction : 
H + H+ ‘He +n whereB.E.of 7 H =2.23 MeV 


and of }He = 7.73 MeV. (Delhi 2016) 
44, Complete the following nuclear reactions. 


(a) B + an > He +....... 
(b) 


4 Mo +?H 9% Te Pus (Delhi 2015C) 


| Using the curve for the binding energy pe! 
Nucleon as a function of mass number A, 
State clearly how the release in energy in 
Ne Processes of nuclear fission and nuclear 
usion can be explained. (Al 2011) 


-W , i 
ú hen four hydrogen nuclei combine 
à helium nucleus estimate the am 
e , r è 
nergy in MeV released in this pro 


4 
i to form 
ount of 


cess of 


47. 


48. 
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fusion (Neglect the masses of electrons and 
neutrons). Given: 
(i) - Mass of H = 1.007825 u 
(ii) mass of helium nucleus = 4.002603 u, 
lu = 931 MeV/c (Foreign 2011) 


A heavy nucleus X of mass number 240 
and binding energy per nucleon 7.6 MeV 
is split into two fragments Y and Z of mass 
numbers 110 and 130. The binding energy of 
two nucleons, is 8.5. Calculate the energy Q 
released per fission in MeV. (Delhi 2010) 


If both the number of protons and the number 

of neutrons are conserved in a nuclear 
ine Tike ia n 12 20 

reaction like ¿“C + 6 -— Net ‘He 

In what way is mass converted into energy? 

Explain. (Foreign 2010) 


Sy: E (3 marks) 


49, 


In a typical nuclear reaction, e.g. 
2 2 ; 
»H+ 5H +}He 4 an+3.27 MeV, 
although number of nucleons is conserved 
yet energy is released. How? Explain. 
(1/3, Delhi 2016, 2013) 
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14.3 Intrinsic Semiconductor 


14.4 Extrinsic Semiconductor 


Semiconductor Electronics: 
Materials, Devices and 
Simple Circuits 





14.5 p-n Junction 

14.6 Semiconductor Diode 

14.7 Application of Junction Diode as a Rectifier 
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Special Purpose p-n Junction Diode. 


Maximum LA type questions were asked from 


Application of Junction Diode as a Rectifier. 


QUICK RECAP 


asis of their 
is of the relative 


“Onductivity : On the bas (o) and 


values of electrical conductivity 


146), the solids are broadly 


eSistivity (p 


f 
'assified as, 


> 


Metals : Those solids which have high 
conductivity and very low resistivity. The 
value of conductivity for metals lies in 
between 10° to 10° § m~’ 
between 10° to 10°° Q m. 


and of resistivity in 


ductor Electronics - Materi 
Gemmicon rials, Devices and Sj 
` IMple Circuits 
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44.2 Classification of Metals 
conductors and semiconductors 


SAI | (2 marks) 


Distinguish between a met 


ik al and an insulator 
on the basis of energy ban 


d diagrams. 
(Foreign 2014) 
on of resistivity 


ii) semiconductor, 
rature., 


(2/3, Delhi 2014C) 


). Drawa plot showing the Variati 
of a (i) conductor and ( 
with the increase in tempe 


ENIH (3 marks) 


3. Write any two distinguishing features between 
conductors, semiconductors and insulators on 
the basis of energy band diagrams. (AJ 2014) 


14.4 Extrinsic Semiconductor 


VSA | (1 mark) 


4. What is the difference between an n-type and 
a p-type extrinsic semiconductor? 


(Delhi 2012C) 
SAL | (2 marks) 


5, Distinguish between ‘intrinsic and extrinsic 
semiconductors. (Delhi 2015) 


® Draw energy band diagrams of an n-type and 
P-type semiconductor at temperature T > 0 K. 
Mark the donor and acceptor energy levels 
with their energies. (Foreign 2014) 


. istinguish 
Write two characteristic features to semen 
between n-type and p-type semiconductors. 


(Foreign 2012) 
SAIL (3 marks) 
8, 


Draw the energy band dinga Ai . 
"-type, and (ii) p-type semicondu 
‘emper T>OK. | 
ln the case of n-type verre 
the donor energy level is slightly ees ie 
ottom of conduction band i nl 
P-type semiconductor, the ares a 
level is slightly above the top of o anioi 
*plain, giving examples, what r 


“J 
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energy levels play in conduction and valence 
bands. (Al 2019) 


(i) Distinguish between n-type and p-type 
semiconductors on the basis of energy band 
diagrams. 


(ii) Compare their conductivities at absolute 

zero temperature and at room temperature. 
(Delhi 2015C) 

10. Draw the energy band diagrams of 

(i) n-type and 

(ii) p-type semiconductor at 

T>0OK. 

In the case n-type Si semiconductor, the 

donor energy level is slightly below the 

bottom of conduction band whereas in p-type 

semiconductor, the acceptor energy level is 

slightly above the top of the valence band. 

Explain, what role do these energy levels play 

in conduction and valence bands. (AI 2015C) 


(5 marks) 


11. Distinguish between an intrinsic semi- 
conductor and a p-type semiconductor. 
Give reason why a p-type semiconductor is 
electrically neutral, although n, >> n,. 


(2/5, Foreign 2013) 


temperature, 


14.5 p-n Junction 
(1 mark) 


12. Why cant we take one slab of p-type 
semiconductor and physically it to another 
slab of n-type semiconductor to get p-n 
junction? (AI 2010C) 


SASE (3 marks) 


13. Write the two processes that take place in the 
formation of a p-n junction. Explain with the 
help of a diagram, the formation of depletion 
region and barrier potential in a p-n junction. 

(Delhi 2017) 

14. Explain with the help of the diagram the 
formation of depletion region and barrier 
potential in a p-n junction. (2/3, AI 2016) 

15. Write briefly the important processes that 
occur during the formation of P-n junction. 


Ce 
D> 
K 





A 

j; " s 
a 16 
| = e 


(Vo 
ai 


APA (5 marks) 


t the formation of 


With the help of necessary di 
the term barrier potential. 
Name theim 


agrams, explain 

(Foreign 2015) 
portant process that occur during 
a p-n junction. Explain 
Ip of a suitable diagram, 
a p-n junction is formed. Define the term 
‘barrier potential’ (Foreign 2011) 


briefly, with the he 
how 


(u Tz. State briefly the processes involved in the 


| 


18. 


19. 


20. 


formation of p-n junction explaining clearly 
how the depletion region is formed. 
(2/5, Delhi 2014) 
Explain with the help of diagram, how a 
depletion layer and barrier potential are 
formed in a junction diode. (3/5, Delhi 2014C) 
Describe briefly, with the help of a diagram, 
the role of the two important processes 
involved in the formation of a p-n junction. 
(2/5, AI 2012) 
Explain the formation of depletion layer and 
barrier potential in p-n junction. 
(2/5, Delhi 2010) 


14.6 Semiconductor Diode 


(1 mark) 


SA 


What happens to the width of depletion layer 
of a p-n junction when it is (i) forward biased, 
(ii) reverse biased ? (Al 2011) 


(2 marks) 


22. The V-I 


characteristic of a silicon diode 
is as shown in the figure. Calculate the 
resistance of the diode at (i) I= 15 mA and (ii) 
V=-10V 

I (mA) 





30 


-10V 0 H 
0.70.8 y 





0.5 
| pA 
(Foreign 2015) 


CBSE Champion Physics Class 12 


23. The circuit shown in the figure has two 


oppositely connected ideal diodes connected 
in parallel. Find the current flowing through 
each diode in the circuit. 

2 Q D, 





12 


V 
(Foreign 2013) 


24. Assuming that the two diodes D, and D, used 


in the electric circuit shown in the figure are 
ideal, find out the value of the current flowing 
through 1 Q resistor. 


202 





IQ 
(Delhi 2013C) 


25. Draw the circuit diagrams showing how a 


p-n junction diode is (i) forward biased and 
(ii) reverse biased. How is the width of layer 
affected in the two cases? (AI 2011C) 


AS (3 marks) 


26. Explain briefly with the help of necessary 


27. 


28. 


diagrams, the forward and the reverse biasing 
of a p-n junction diode. Also draw their 
characteristic curves in the two cases. 

(Delhi 2017) 


In the following diagram, is the junction 
diode forward biased or reverse biased? 


+5V 
(1/3, Al 2017) 


Draw V-I characteristics of a p-n junction diode. 

Answer the following questions, giving reasons: 

(i) Why is the current under reverse bias 
almost independent of the applied 
potential upto a critical voltage? 

(ii) Why does the reverse current show 4 
sudden increase at the critical voltage? 
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Name any SEMiconducto 
operates under the reve 
breakdown region, 


r device Which 
rse bias in the 


(AI 2013) 


PLA (5 marks) 
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31. 


32, 


33, 


34, 


_ Draw the circuit arran 


Using the necessary Circuit 
how the V-I characteristics o 
are obtained in 

(i) Forward biasing 

(ii) Reverse biasing 


diagrams, show 
fa P-n junction 


(Delhi 2014) 
gement for studying 
fa p-n junction diode 
reverse bias. Briefly 
l V-I characteristics 
ed and draw these 

(AI 2014C) 
Explain, how the heavy doping of both p and 
n-side of a p-n junction diode results in the 
electric field of the junction being extremely 
high even with a reverse bias voltage of a few 
volts. (2/5, Foreign 2013) 


Define the terms ‘depletion layer’ and ‘barrier 
potential’ for a p-n junction. How does (i) an 
increase in the doping concentration and (ii) 
biasing across the junction, affect the width of 
the depletion layer ? (3/5 AI 2013C) 


Explain the formation of depletion region 
for p-n junction diode. How does the width 
of this region change when the junction 1s 


, ee reverse biased? 
(i) forward biased, (ii) (2/5, AI 2012C) 


the V-I characteristics o 
in (i) forward and (ii) 
explain how the typica 
of a diode are obtain 
characteristics. 


Draw the circuit diagrams of a p-n jenefion 
diode in (i) forward bias, (ii) reverse = 
How are these circuits used to study the 
characteristics of a silicon diode? mr 
typical V-] characteristics. (3/5, A 


14.7 Application of Junction 


Diode as a Rectifier 


SAIL (3 marks) 


35, Dr 


3 ai 
6, A Student wants to use 


` a full wave 
aw the circuit diagram en Also, give 
rectifier and explain its wor Delhi 2019) 

the input and output waveforms. oo, 
junction 


-n 
two P , 
current into 


, arnating , ; 
diodes to convert alternati Ppelled circuit 
direct current, Draw the 14% 


37, 


38. 


ite en | 
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diagram she would use and explain how it 
works, (2/3; 2018) 


Draw the circuit diagram of a full wave 
rectifier and state how it works.(2/3, AI 2017) 
Draw the circuit diagram of a half wave 
rectifier and explain its working. 

(1/3, AI 2016) 


PLA (5 marks) 


39. 


40. 


41. 


42. 


43. 


44. 


Explain briefly, with the help of circuit 
diagram, the working of a full wave rectifier. 
Draw its input and output waveforms. 
(Delhi 2015C) 
(i) With the help of a labelled circuit 
diagram, explain how a junction diode 
is used as a full wave rectifier. Draw its 
input, output wave-forms. 
(ii) How do you obtain steady d.c. output 
from the pulsating voltage ? 
(4/5, Delhi 2013C) 


Draw the circuit diagram of a p-n diode used 
as a half-wave rectifier. Explain its working. 


(AI 2013C) 


Draw the circuit diagram of a full wave 
rectifier using p-n junction diode. Explain 
its working and show the output, input 
waveforms. (3/5, AI 2012C) 


Draw the circuit diagram of a full wave 
rectifier. Briefly explain its working. 
(3/5, AI 2012C) 


An a.c. signal is fed into two circuits ‘X and 
‘Y’ and the corresponding output in the two 
cases have the waveforms as shown in figure. 
(a) Identify the circuits ‘X and ‘Y. Draw 
their labelled circuit diagrams. 

Briefly explain the working of circuit Y. 
How does the output waveform from 
circuit Y get modified when a capacitor 
is connected across the output terminals 
parallel to the load resistor? 


QA Er te Toe ah, 
AQA iF CY YY 


(Delhi 2011C) 


(b) 
(c) 


336 


45. In the figure given below the input waveform 
is converted into the output waveform by 
a device ‘`N? Name the device and draw its 
circuit diagram, 
AQAA Device '\' pow M a 


Output 
tnput 


(2/5, Delhi 2010) 


14.8 Special purpose p-n junction 
diodes 


(1 mark) 


46. Name the diode 


characteristics are drawn below : 


junction whose T-V 





(Delhi 2017) 

47. The graph shown in the figure represents 
a plot of current versus voltage for a given 
semiconductor, Identify the region, if any, 
over which the semiconductor has a negative 


resistance. 


Current (mA) 





Voltage (V) 


(Al 2013) 

48. What is the function of a photodiode ? 
(AI 2013C) 
49. Figure shows the V-I characteristic of a given 
device. Name the device and write where it is 


used. 
I(mA) 





> se li S ~ j 
Reverse bia Forward bias 






V3 





—> V(V) 


I (A) 
(Delhi 2010C) 


CBSE Champion Physics Class 49 


(2 marks) 


50. Explain, with the help of a circuit diagram, 
the working of a photodiode. Write briefly 
how it is used to detect the optical signals 

(Delhi 2013 ) 


51, (a) Mention the important considerations 
required while fabricating a p-n junction diode 
to be used as a light emitting diode (LED). 
(b) What should be the order of band gap of 
an LED if it is required to emit light in the 

(Delhi 2013C) 

. The current in the forward bias is known 

to be more (~mA) than the current in the 
reverse bias (~ A). What is the reason, then, 
to operate the photodiode in reverse bias? 

(Delhi 2012) 


. How does a light emitting diode (LED) 
work? Give two advantages of LED’s over the 
conventional incandescent lamps. . 

(Foreign 2012) 


54. (a) Why are Si and GaAS preferred materials 
for fabrication in solar cells? 

(b) Draw V-I characteristic of solar cell and 

mention its significance. (AI 2012C) 

55. Name the semiconductor device that can be 

used to regulate an unregulated dc power 

supply. With the help of V-I characteristics of 
this device, explain its working principle. 

(Delhi 2011) 

56. Draw the circuit diagram of an illuminated 

photodiode in reverse bias. How is photodiode 

used to measure light intensity? (Delhi 2010) 


SAW (3 marks) 


57. (a) Three photo diodes D,, D, and D, are 
made of semiconductors having band 
gaps of 2.5 eV, 2 eV and 3 eV respectively. 
Which of them will not be able to detect 
light of wavelength 600 nm ? 


(b) Why photodiodes are required to operate 
in reverse bias ? Explain. (Delhi 2019) 


58. With what considerations in view is a 
photodiode fabricated? Explain its working 
with the help of a suitable diagram. With 
the help of V-I characteristics, state how 
photodiode is used to detect optical signals. 

(Al 2019) 
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w 
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hy? Briefly explain the use of ze 
“de voltage regulator with the hel 


diagram. 


avily doping 
on. Explain, 
ner diode ag 
P of a circuit 
(Delhi 2017) 


(a) In the following diagram, Which bulb out 
of B, and B, will glow and why? | 


D, D, 


— 


60. 





(b) Draw a diagram of an illuminat 
junction solar cell. 
(c) Explain briefly the three processes due to 
which generation of emf takes place in a 
solar cell. (AI 2017) 
In the following diagram ‘S is a 
semiconductor. Would you increase 
or decrease the value of R to keep the 
reading of the ammeter A constant when 
S is heated? Give reason for your answer. 


ed p-n 


_— 


6l. (a 





(b) Draw the circuit diagram of a photodiode 
and explain its working. Draw its I-V 
characteristics. (AI 2017) 

62. (a) Describe the working principle of a 
solar cell. Mention three basic processes 
involved in the generation of emf. | 

(b) Why are Si and GaAs preferred materials 
for solar cells? (Foreign 2016) 


With what considerations in view, a 
Photodiode is fabricated? State its working 
with the help of a suitable diagram. E 
ven though the current in the forward bias is 
nown to be more than in the reverse bias, yet 
i Photodiode works in reverse bias. What is 
í, q cason? (Delhi 2015) 
R Why is zener diode fabricated by ean) 
doping both p- and n-sides of the — 
b) Draw the circuit diagram of zener r i e 
AS a voltage regulator and briefly 2 
65, its working. | (Foreign 
Ow is a photodiode fabricated’ N 
Briefly explain its working. Draw 1 


63, 
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V-I characteristics for two different 

intensities of illumination. (Foreign 2014) 

66. (i) The figure shows the V-I characteristics of 

a semiconductor device. Identify this device. 

(ii) Explain briefly, using the necessary 

circuit diagram, how this device is used as a 
voltage regulator. 

KmA) 






Reverse bias 


V, 






Forward bias 





I(uA) 


(Delhi 2012C) 


67. The given figure below shows the V-I 
characteristic of a semiconductor diode. 
(i) Identify the semiconductor diode used. 
(ii) Draw the circuit diagram to obtain the 
given characteristic of this device. 
(iii) Briefly explain how this diode can be 
used as a voltage regulator. 


(mA) 





100 80 60 40 





V(V) - 





Vie 0.2 


04 06 08 10 


I(uA) 


(AI 2011) 

68. (a) Describe briefly with the help of a 

necessary circuit diagram, the working 
principle of a solar cell. 

(b) Why are Si and GaAs preferred materials 

for solar cells? Explain. (AI 2011C) 


(5 marks) 


69. Name the device which is used as a voltage 
regulator. Draw the necessary circuit diagram 
and explain its working. (2/5, AI 2012) 


